IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In re: United States Patent 
No. 4,634,697 


Inventor: Yoshio Hamashima 


Issue Date: January 6, 1987 


Honorable Commissioner of Patents 
and Trademarks 
Washington, D.C. 20231 

REQUEST FOR EXTENSION OF PATENT TERM UNDER 

35 U.S.C. 6156 


Sir: 

Pursuant to 35 U.S.C. §156 and 37 C.F.R.§§1.710-1.785, 
Schering Corporation (“Schering") authorized agent (see Exhibit I) for 
Shionogi & Co., Ltd. (“Shionogi"), owner of the above-identified patent by 
virtue of an Assignment by Yoshio Hamashima of his interests in the above- 
identified patent which was executed on March 7, 1985 and recorded in the 
United States Patent and Trademark Office ("USPTO") on March 12, 1985 at 
Reel: 4383, Frames: 0597 to 0598 (Exhibit IX) hereby requests an 
extension of the 20 year from filing date patent term set pursuant to 35 
U.S.C.§ 154(c)(1)of United States Patent No. 4.634.697. 1 



1 This request is proper under the October 16, 1 995 Memorandum Opinion 
in Merck et al., v. Kessler, et al., U.S. District Court for the Eastern District of Virginia, 
Consolidated Nos. 95-CV-1 005 et al. Schering recognizes that the Commissioner of Patents 
and Trademarks, the Commissioner of Food and Drugs, and the Generic Pharmaceutical 
Industry Association ("GPIA") have appealed to the United States Court of Appeals for the 
Federal Circuit to reverse the District Court's decision. Merck v. Kessler, Fed. Cir. Nos. 96- 
1 1 08 et al. If the Federal Circuit adopts the position advanced in that case by the 
Commissioner of Patents and Trademarks and the Commissioner of Food and Drugs, then 
Schering requests an extension of the 1 7 year from issue term of United States Patent No. 
4,364,697. If the Federal Circuit adopts the position advanced in that case by the Generic 
Pharmaceutical Industtry Association in that case, then there is no need for Schering to 
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The following information is submitted in accordance with 35 U.S.C. 

§1 56(d) and the rules for extension of patent term issued by the USPTO at 
37 C.F.R. Subpart F, §§1.71.0 to 1.785 and follows the numerical format set 
forth in 37 C.F.R. §1.740: 

(1 ) A COMPLETE IDENTIFICATION OF THE APPROVED 

PRODUCT AS BY APPROPRIATE CHEMICAL AND GENERIC NAMES, 
PHYSICAL STRUCTURE OR CHARACTERISTICS: 

The approved product is CEDAX® (Ceftibuten for oral suspension). 

As used herein, the chemical name for the active ingredient in the approved 
product is ceftibuten which is present in the approved product as ceftibuten 
dihydrate. The active ingredient in the approved product has the following 
generic and chemical names and structural formula: 

Generic Name: Ceftibuten/Ceftibuten dihydrate 

Code Designations: 7432-S (Shionogi); 

and Sch 39720 (Schering) 

CAS Registry Number: CAS 97519-39-6 

Chemical Names; 

(1) 5-Thia-1-azabicyclo [4.2.0] oct-2- 
ene-2-carboxylic acid, 7-[[2-(2-amino-4-thiazolyl)-4- 
carboxy-1-oxo-2-butenyl]amino]-8-oxo-, 

[6R-[6a,7l3(Z)]], dihydrate 


change its request for extension of the 20 year from filing term of United States Patent No. 
4,364,697. Schering explicitly reserves the right to seek reconsideration and review of a 
USPTO determination to grant an extension of the 17 year from issue date term. 
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(2) (+)-(6R,7R)-7-[(Z)-2-(2-Amino-4-thiazolyl)-4- 
carboxycrotonam ido]-8-oxo-5-th ia- 1 -aza 

bicyclo [4.2.0] oct-2-ene-2-carboxylic acid, dihydrate. 

(3) 76-[(Z)-2-(2-Aminothiazol-4-yl)-4-carboxy-2- 
butenoylamino]-3-cephem-4-carboxylic acid, dihydrate 


Structural Formula 



COaH 


2HaO 
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(2) A COMPLETE IDENTIFICATION OF THE FEDERAL STATUTE 
INCLUDING THE APPLICABLE PROVISION OF LAW UNDER WHICH THE 
REGULATORY REVIEW OCCURRED: 


The regulatory review occurred under §507 of the Federal Food, 

Drug and Cosmetic Act ("FFDCA"), 21 U.S.C. § 357. Section 507 of FFDCA 
provides for the submission and approval of new drug applications ("NDAs") 
for antibiotic drug products meeting the definition of "antibiotic drug" under 
§507 of the FFDCA, 21USC §357(a) 

(3) AN IDENTIFICATION OF THE DATE ON WHICH THE 
PRODUCT RECEIVED PERMISSION FOR COMMERCIAL MARKETING OR 
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USE UNDER THE PROVISION OF LAW UNDER WHICH THE APPLICABLE 
REGULATORY REVIEW PERIOD OCCURRED: 

CEDAX® (ceftibuten for oral suspension) was approved by the FDA 
for commercial marketing on December 20, 1995 for treatment of acute 
bacterial exacerbations of chronic bronchitis, acute bacterial otitis media 
and pharyngitis and tonsillitis in humans. (See Exhibits VII and VIII) 

(4) IN THE CASE OF A DRUG PRODUCT, AN IDENTIFICATION 
OF EACH ACTIVE INGREDIENT IN THE PRODUCT AND AS TO EACH 
ACTIVE INGREDIENT, A STATEMENT THAT IT HAS NOT BEEN 
PREVIOUSLY APPROVED FOR COMMERCIAL MARKETING OR USE 
UNDER THE FFDCA, THE PUBLIC HEALTH SERVICE ACT OR THE 
VIRUS-SERUM TOXIN ACT OR A STATEMENT OF WHEN THE ACTIVE 
INGREDIENT WAS APPROVED FOR COMMERCIAL MARKETING OR USE 
(EITHER ALONE OR IN COMBINATION WITH OTHER ACTIVE 
INGREDIENTS), THE USE FOR WHICH IT WAS APPROVED, AND THE 
PROVISION OF LAW UNDER WHICH IT WAS APPROVED. 

The active ingredient in the approved product, CEDAX® (ceftibuten 
for oral suspension) has the generic name of ceftibuten and the chemical 
names listed in Paragraph No. (1) hereinabove as well as in Exhibits II and 
VIII. The active ingredient, ceftibuten, approved for marketing under Section 
507 of the FFDCA, has not previously been approved for commercial 
marketing or use under the FFDCA, The Public Health Service Act or the 
Virus-Serum Toxin Act. 

(5) A STATEMENT THAT THE APPLICATION IS BEING 
SUBMITTED WITHIN THE SIXTY DAY PERIOD PERMITTED FOR 
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SUBMISSION PURSUANT TO SEC. 1.720(f) AND AN IDENTIFICATION OF 
THE DATE OF THE LAST DAY ON WHICH THE APPLICATION COULD BE 
SUBMITTED: 

The product was approved on December 20, 1995, and the last day 
within the sixty day period permitted for submission of an application for 
extension of the relevant U.S. Patent is February 18, 1996. February 18, 
1996 is a Sunday and submission of this application is considered timely 
filed if submitted on or before February 20, 1996. This application is being 
timely filed before the expiration of the February 20, 1996 deadline, 
pursuant to 35 USC §21 (a) and (b) and 37 CFR §1.7 and 1.741(a). 

(6) A COMPLETE IDENTIFICATION OF THE PATENT FOR 
WHICH AN EXTENSION IS BEING SOUGHT BY THE NAME OF THE 
INVENTOR, THE PATENT NUMBER, THE DATE OF ISSUE AND THE DATE 
OF EXPIRATION: 

UNITED STATES PATENT NO. 4,634,697 
INVENTOR: YOSHIO HAMASHIMA 
DATE OF ISSUE: JANUARY 6, 1987 
FILING DATE: OCTOBER 1, 1984 
EXPIRATION DATE: OCTOBER 1 , 2004 

(7) A COPY OF THE PATENT FOR WHICH AN EXTENSION IS 
BEING SOUGHT INCLUDING THE ENTIRE SPECIFICATION (INCLUDING 
CLAIMS), AND DRAWINGS: 

A copy of the patent is attached as Exhibit III. 
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(8) A COPY OF ANY DISCLAIMER, CERTIFICATE OF 
CORRECTION, RECEIPT OF MAINTENANCE FEE PAYMENT, OR RE- 
EXAMINATION CERTIFICATE ISSUED IN THE PATENT: . 

No disclaimers or certificates of correction were filed for U.S. 
Patent No. 4,634,697. United States Patent No. 4,634,697, has not been re- 
examined and, as such, no re-examination certificate has been issued. 

A copy of the receipt of the first maintenance fee statement 
(mailing date July 17, 1990) is attached as Exhibit XA. A copy of the second 
maintenance fee statement (mailing date May 6, 1 994) paid on April 1 8, 
1994 by Shionogi and good through January 6, 1998 is attached hereto as 
Exhibit XB. 


(9) A STATEMENT THAT THE PATENT CLAIMS, THE 
APPROVED PRODUCT OR A METHOD OF USING OR MANUFACTURING 
THE APPROVED PRODUCT, AND A SHOWING WHICH LISTS EACH 
APPLICABLE PATENT CLAIM AND DEMONSTRATES THE MANNER IN 
WHICH EACH APPLICABLE PATENT CLAIM READS ON THE APPROVED 
PRODUCT OR A METHOD OF USING OR MANUFACTURING THE 
APPROVED PRODUCT: 


Claims 1-3, 17 and 18 of United States Patent No. 4,634,697 
read on CEDAX® (ceftibuten for oral suspension) for the FDA approved 
indication for treatment of acute bacterial exacerbations of chronic 
bronchitis, acute bacterial otitis media, pharyngitis and tonsillitis. See the 
paragraphs in the Product Information Sheet entitled "Description" (upper 
left hand column and "Dosage and Administration" (upper right hand 
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column) and "Indications and Usage" (lower right hand column) (Exhibit 
VIII). 


Claim 1 of United States Patent No. 4,634,697 reads 
A compound of the formula 


R— C— CONH 


CH 


H 



N 


*R 5 


CHjCOOR* 


COOR* 


wherein 

R is 2-aminothiazol-4-yl the amino group of which is unprotected or 
protected with a protecting group, 

R 3 is (1) hydrogen, (2) a pharmacologically acceptable salt forming 
group, (3) phthalidyl, (4) phenacyl, (5) C 2 - 7 alkenyl, (6) 
diphenylmethyl, (7) trityl, (8) phenylalkyl of 7 to 15 carbon atoms 
said group being unsubstituted or substituted by alkyl of 1 to 4 
carbon atoms, alkoxy of 1 to 2 carbon atoms, nitro, amino or 
hydroxy or (9) a lower alkyl group, 

R 5 is hydrogen, methyl, vinyl, cyanovinyl, trifluoropropenyl, 
methoxymethyl, carbamoyloxymethyl, methylthiomethyl, 
cyanomethylthiomethyl, thiadiazolylthiomethyl, triazolylthiomethyl, 
aminomethylthiadiazolylthiomethyl, aminothiadiazolylthiomethyl, 

methoxy, fluoroethylthio, trifluoroethylthio, or halogen, and 
R6 is (1) hydrogen, (2) a pharmacologically acceptable salt forming 

atom or group, (3) a lower alkyl group, (4) a lower alkenyl group (5) 
phthalidyl, (6) phenacyl, (7) diphenylmethyl, (8) trityl or (9) 


7 


phenylalkyl of 7 to 15 carbon atoms said group being unsubstituted 
or substituted by alkyl 'of 1 to 4 carbon atoms, alkoxy of 1 to 2 
carbon atoms, nitro, amino or hydroxy. ... 

The below-listed structural formula for ceftibuten dihydrate, the active 
ingredient in CEDAX® (Ceftibuten for oral suspension is set forth in 
paragraph 1 (page 2) hereinabove and on page 1, of Exhibit VII.) See also 
Product Information Exhibit VIII upper left hand column. 



COiH ' 


Thus claim 1 covers ceftibuten and ceftibuten dihydrate wherein R 3 , 
R 5 and R 6 are each hydrogen and R is 2-aminothiazol-4-yl, the amino group 
of which is unprotected. 

Claim 2 reads: 

A compound according to claim 1 wherein 

R 3 is hydrogen or a pharmacologically acceptable salt forming group, 

R 5 is hydrogen, methyl, vinyl, trifluoropropenyl, methoxymethyl, 
carbamoyloxymethyl, methylthiomethyl, cyanomethylthiomethyl, 
thiadiazolyithiomethyl, methoxy, fluoroethylthio, trifluoroethylthio, 
or halogen, and 

R® is hydrogen or a pharmacologically acceptable salt 
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forming atom or group. 


Thus, claim 2 covers ceftibuten and ceftibuten. dihydrate wherein R 3 » R 5 and 
R6 are each hydrogen. 

Claim 3 reads: 

A compound according to claim 1 , said compound 
being 7beta-[2-(2-aminothiazol-4-yl)-4-carboxy-2- 
butenoylamino]-3-cephem-4-carboxylic acid. 

Claim 3 specifically covers ceftibuten and ceftibuten dihydrate. See 
chemical names in paragraph 1 herein above, and specifically chemical 
name (3). 

Claim 17 reads: 

An antibacterial composition which comprises an 
antibacterial ly effective amount of a compound of claim 
1 and a pharmaceutically acceptable carrier therefor. 

Claim 17 covers ceftibuten and ceftibuten dihydrate for reasons stated in 
reference to claim 1 and in that the Cedax® (ceftibuten for oral suspension) 
is a pharmaceutical composition approved by the FDA for treatment of acute 
bacterial exacerbations of chronic bronchitis, acute bacterial otitis media 
and pharyngitis and tonsillitis each of which are due to bacterial agents. 

See Product Information Sheet under paragraphs entitled "Dosage and 
Administration" and "Indications and Usage" (right hand column) of Exhibit 
VIII. 
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Claim 18 reads: 

A method for combatting bacteria which comprises 
bringing an antibacterially effective. amount of. a 
compound of claim 1 into contact with the bacteria. 

Claim 18 covers ceftibuten and ceftibuten dihydrate for the reasons stated in 
reference to claims 1 and 17. 
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(10) A STATEMENT BEGINNING ON A NEW PAGE, OF THE 
RELEVANT DATES AND.INFORMATION PURSUANT TO 35 U.S.C. §1 56(g) 
IN ORDER TO ENABLE THE SECRETARY OF HEALTH AND HUMAN 
SERVICES OR THE SECRETARY OF AGRICULTURE, AS APPROPRIATE, 
TO DETERMINE THE APPLICABLE REGULATORY REVIEW PERIOD AS 
FOLLOWS: 

(i) FOR A PATENT CLAIMING A NEW DRUG, ANTIBIOTIC, OR 
HUMAN BIOLOGICAL PRODUCT, THE EFFECTIVE DATE OF THE 
INVESTIGATIONAL NEW DRUG (IND) APPLICATION AND THE IND 
NUMBER: THE DATE ON WHICH A NEW DRUG APPLICATION (NDA) OR A 
PRODUCT LICENSE APPLICATION (PLA) WAS INITIALLY SUBMITTED 
AND THE NDA OR PLA NUMBER AND THE DATE ON WHICH THE NDA 
WAS APPROVED OR THE PRODUCT LICENSE ISSUED: 


Schering of Kenilworth, New Jersey is the authorized agent of 
Shionogi by virtue of the appointment of agent (Exhibit I) to Schering. 
Shionogi is the assignee of record of United States Patent No. 4,634,697 by 
virtue of the Assignment dated March 7, 1985 by Yoshio Hamashima of his 
interest in U.S. Patent No. 4,634,697 (Exhibit IX) recorded in the USPTO on 
March 12, 1985 at REEL: 4383, FRAMES: 0597 to 0598. 

In furtherance of the need for an approved NDA, Schering, on 
August 25, 1988 submitted to the FDA, a “Notice of Claimed Investigational 
Exemption for a New Drug" (IND) under §505 of the FFDCA for the purpose 
of conducting clinical studies to support the approval of a subsequent NDA 
for the use of ceftibuten Sch 39720 oral-suspension in humans. The 
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Schering letter transmitting the IND to the FDA is attached as Exhibit IV. By 
a letter dated September 6, 1988, the FDA acknowledged receipt of the IND 
and assigned the IND No. 32,024. A copy of this FDA letter is attached as 
Exhibit V. This establishes the beginning of the "regulatory review period" 
under 35 U.S.C. §156(g)(1)(B)(i) as September 29, 1988, the effective date 
of an investigational exemption under §505 of the FFDCA. 

Schering submitted a New Drug Application (NDA) for CEDAX® 
(ceftibuten for oral suspension) in humans on December 20, 1991. A copy 
of this Schering letter transmitting the NDA is attached as Exhibit Via. By a 
letter dated January 7, 1992, the FDA acknowledged receipt of the NDA 
submission dated December 20, 1991 and assigned the submission NDA 
No. 50-686. A copy of this FDA letter is attached as Exhibit Vlb. 

By a letter dated December 20, 1995 (copy attached as Exhibit VII) 
the FDA advised Schering that the NDA No. 50-686 for use of CEDAX® 
(ceftibuten for oral suspension) in humans for treatment of acute bacterial 
exacebations of chronic bronchitis, acute bacterial otitis media and 
pharyngitis and tonsillitis in humans was approved effective on December 
20, 1995. 

Thus, for purposes of determining the "testing phase" of the 
■regulatory review period" under 35 U.S.C. §1 56(g)(1 )(B)(i), the "testing 
phase" began on September 29, 1988, the date of the IND No. 32,024 
effective and ended on December 20, 1991, the date the NDA No. 50-686 
was initially submitted by Schering for use of CEDAX® (Ceftibuten for oral 
suspension) in humans under §505 of the FFDCA. And, for purposes of 
determining the "approval phase" of the "regulatory review period" under 35 
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U.S.C. §156(g)(1)(B)(ii) the "approval phase" began on December 20, 1991, 
the date the NDA No. 50-686 was initially submitted by Schering to the FDA 
and ended on December 20, 1995, the date on which the NDA No. 50^686 
was approved by the FDA. 
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(11) A BRIEF DESCRIPTION BEGINNING ON A NEW PAGE OF 
THE ACTIVITIES UNDERTAKEN BY SCHERING, THE MARKETING 
APPLICANT, DURING THE APPLICABLE REGULATORY REVIEW PERIOD 
WITH RESPECT TO THE APPROVED PRODUCT AND THE SIGNIFICANT 
DATES APPLICABLE TO SUCH ACTIVITIES: 

During the applicable regulatory review period, Schering was 
actively involved in obtaining FDA approval for the use of the CEDAX 
(ceftibuten for oral suspension) for the treatment of Pharyngitis and otitis 
media and urinary tract infections in humans. As previously noted, Schering 
submitted an IND on August 25, 1988 and in close consultation with the 
FDA conducted clinical trials from September 29, 1988 through December 
20, 1991 under IND No. 32-024. Schering submitted on December 20, 1991 
NDA No. 50-686 for the use of CEDAX® (ceftibuten for oral suspension) for 
the treatment of Pharyngitis and otitis media and urinary tract infections in 
humans. From December 20, 1991 to December 20, 1995 Schering 
continued to interact with various FDA officials and answered numerous 
questions, generated requested data and supplied requested information 
regarding all clinical studies and data on the use of CEDAX® (ceftibuten for 
oral suspension ) for the treatment of Pharyngitis and otitis media and 
urinary tract infections in humans worldwide to obtain health approval. A 
brief description of the significant activities undertaken by Schering with 
respect to the use of CEDAX® (ceftibuten for oral suspension) for the 
treatment of Pharyngitis and otitis media and urinary tract infections in 
humans during the regulatory review period is set forth in Exhibit XI (IND) 
and Exhibit XII (NDA) and is illustrative of the activities involved. 
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(12) A STATEMENT BEGINNING ON A NEW PARAGRAPH THAT 
IN THE OPINION OF.THE APPLICANT THE PATENT IS ELIGIBLE FOR AN 
EXTENSION AND A STATEMENT AS TO THE LENGTH OF THE 
EXTENSION CLAIMED, INCLUDING HOW THE LENGTH OF EXTENSION 
WAS DETERMINED: 

(a) Statement of eligibility of the patent for extension under 35 
U.S.C. §1 56(a): 

Section 156(a) provides, in the relevant part, that the term of a 
patent which claims a product, a method of using a product, or a method of 
manufacturing a product shall be extended if (1) the term of the patent has 
not expired before an application for extension is submitted: (2) the term of 
the patent has never been extended under 35 U.S.C.§1 56(e)(1); (3) the 
application for extension is submitted by the owner of record of the patent or 
its agent in accordance with 35 U.S.C. §1 56(d); (4) the product has been 
subject to a regulatory review period before its commercial marketing or 
use; and (5) the permission for the commercial marketing or use of the 
product after such regulatory review period is the first permitted commercial 
marketing or use of the product using the provision of law under which such 
regulatory review period occurred. 

As described below by corresponding number, each of these 
elements is satisfied here: 
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(1) Pursuant to 35 USC §1 54(c)(1), as amended (effective June 8, 
1995) by the Uruguay Round Agreements Act, Publ. 103-465, 108 Stat. 

4809 (1994) and 35 U.S.C. §156, the term of United States Patent No. 
4,634,697 currently expires on October 1, 2004. This application is, 
therefore, being submitted prior to the expiration of the term of United States 
Patent No. 4,634,697. 

(2) The term of this patent has never been extended under 
35U.S.C.§1 56(e)(1). 

(3) This application is being submitted by Schering Corporation, 
by virtue of the appointment of agent to Schering Corporation by Shionogi, 
the owner of record of this patent (Exhibit I). Shionogi is the owner of record 
by virtue of the Assignment by Yoshio Hamashima of his interest which was 
recorded in the USPTO on March 12, 1985 at Reel: 4383, Frames: 0597 to 
0598 (copy attached as Exhibit IX). This application is submitted in 
accordance with 35 U.S.C. §1 56(d) in that it is submitted within the sixty-day 
period beginning on December 20, 1995, the date the product received 
permission for marketing under the FFDCA and ending on February 20, 
1996 and contains the information required under 35 U.S.C. §1 56(d). 

(4) As evidenced by the December 20, 1995 letter from the FDA 
(Exhibit VII), to Schering-Plough Corporation (of which Schering 
Corporation is a wholly owned subsidiary), the product was subject to a 
regulatory review period under §507 of the FFDCA before its commercial 
marketing or use. 
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(5) Finally, the CEDAX® (ceftibuten for oral suspension) oral 
suspension product was approved by the FDA for treatment of acute 
bacterial exacerbations of chronic bronchitis, acute bacterial otitis media 
and pharyngitis and tonsillitis. The permission for the commercial marketing 
of CEDAX® (ceftibuten for oral suspension) after regulatory review under 
§507 of FFDCA, 21 U.S.C. §357, is the first permitted commercial marketing 
and use under §507 for humans of the active ingredient ceftibuten in 
CEDAX® (ceftibuten for oral suspension). This is confirmed by the absence 
of any approved new drug application for the active ingredient in humans 
prior to December 20, 1 995. 

(b) Statement as to length of extension claimed: 

The 20 year from filing term of United States Patent No. 4,634,697 
now expiring on October 1 , 2004 should be extended by 1 ,826 days (5 
years). This extension was determined on the following basis. As set forth 
in 35 U.S.C. §1 56(g)(1), the regulatory review period equals the length of 
time between the effective date of the IND No. 32,024 of September 29, 

1988 and the submission of the NDA on December 20, 1991 a period of 
1,074 days, plus the length of time between the submission of the NDA on 
December 20, 1991 to NDA approval on December 20, 1995, a period of 
1 ,461 days. These two periods added together equal 2,535 days. 

Pursuant to the introduction of 35 U.S.C. §1 56(c), the term of the 
patent eligible for extension shall be extended only for that portion of the 
regulatory review period which occurs after the date the patent is issued. In 
this case, no limitation under the introduction to §1 56(c) applies in that the 
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issue date of United States Patent No. 4,634,697 (January 6, 1987) is 
before the date on which the regulatory review period began. 

Section 156(c)(2), requires the period calculated under 
§156(g)(1)(B)(i) to be reduced by one-half of the 1,074 day period; this 
reduction results in a value of 537 days. 

From the foregoing calculation, an extension of 1 ,998 days results, 
i.e., the period under 35 U.S.C. 156(g)(1')(B)(i) as limited by §1 56(c)(2) (801 
days) plus the period under 35 U.S.C. 156(g)(1)(B)(ii) (1,461 days). This 
extension period is subject to two further potential limitations under §156. 

First, under § 156(g)(6)(A), a maximum extension of five years is 
permitted. Since the calculated extension (1,998 days) is more than five 
years (1 ,827 days), this limitation does apply (the patent issued on January 
6, 1987, which was after the enactment of §156 in 1984). 

<: 

Second, under §1 56(c)(3), if the period remaining in the term of the 
patent after the date of approval, that is, December 20, 1995, to October 1, 
2004, when added to the extension period calculated above would exceed 
14 years, the period of extension would be limited so that the total does not 
exceed 14 years. In this case, however, the total of the remaining term 
(3,209 days) plus the five year extension (1 ,826 days) is 5,036 days and 
does not exceed the 14 year (51 13 days) limit, and the extension is not 
reduced. 

Accordingly, United States Patent No. 4,634,697 is eligible for 5 year 
or a 1,826 day extension from October 1, 2004 to October 1, 2009. 
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Schering's request for extension of term of 20 years from application filing 
date for United States Patent No. 4,634,697 is proper under the October 16, 
1995 Memorandum Opinion in. Merck et al. . v. Kessler, et al .. U.S. District 
Court for the Eastern District of Virginia, Consolidated Nos. 95-CV-1005 et 
al. Schering recognizes that the Commissioner of Patents and Trademarks, 
the Commissioner of Food and Drugs, and the Generic Pharmaceutical 
Industry Association ('GPIA') have appealed to the United States Court of 
Appeals for the Federal Circuit to reverse the District Court's decision. 

Merck v. Kessler, Fed. Cir. Nos. 96-1 1 08 et al. If the Federal Circuit adopts 
the position advanced in that case by the Commissioner of Patents and 
Trademarks and the Commissioner of Food and Drugs, then Schering 
requests an extension of the 17 year from issue term of United States Patent 
No. 4,634,697. In that event, United States Patent No. 4,634,697 would be 
eligible for a five year (1827 day) extension from January 6, 2004 to 
January 6, 2009. 
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(13) A STATEMENT ON A NEW PAGE THAT APPLICANT 
ACKNOWLEDGES A DUTY TO DISCLOSE TO THE COMMISSIONER OF 
PATENTS AND TRADEMARKS AND THE SECRETARY OF HEALTH AND 
HUMAN SERVICES ANY INFORMATION WHICH IS MATERIAL TO THE 
DETERMINATION OF ENTITLEMENT TO THE EXTENSION SOUGHT. 

Schering acknowledges a duty to disclose to the Commissioner of 
Patents and Trademarks and the Secretary of Health and Human Services 
any information which is material to the determination of entitlement to the 
extension sought. 

As stated in Paragraph No. (9) hereinabove, Schering asserts that 
claims 1-3, 17 and 18 of United States Patent No. 4,634,697 embrace the 
approved product, the CEDAX® (ceftibuten for oral suspension) and its use 
for the approved indication and usage of said approved product. 

The term of United States Patent No. 4,634,697 has never been 
extended. A copy of this patent is attached as Exhibit III. 
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(14) PRESCRIBED FEES: 

The Commissioner is authorized to charge our Deposit Account No. 
19-0365 in the amount of $1,060.00 or any other fee necessary for this 
application to prevent it from becoming inadvertently abandoned. 

(15) THE NAME, ADDRESS AND TELEPHONE NUMBER OF THE 
PERSON TO WHOM INQUIRIES AND CORRESPONDENCE RELATING TO 
THIS APPLICATION FOR PATENT TERM EXTENSION ARE TO BE 
DIRECTED TO: 


THOMAS D. HOFFMAN 
SCHERING-PLOUGH CORPORATION 
PATENT DEPARTMENT (K-6-1- 1990) 
2000 GALLOPING HILL ROAD 
KENILWORTH, NEW JERSEY 07033-0530 
TEL. NO. (908) 298-5037 
FACIMILE NO. (908) 298-5388 
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(16) CERTIFICATION THAT THE ENCLOSED DUPLICATE COPY 
OF.THIS APPLICATION.! S A TRUE COPY OF THE ORIGINAL: 


I, Thomas D. Hoffman, Registration No. 28,221, as duly appointed 
attorney(by virtue of the following Power of Attorney duly executed by James 
R. Nelson, Vice President for Schering) for Applicant, Schering Corporation, 
authorized agent(by virtue of the Appointment of Agents ,see Exhibit I) for 
the owner of record of United States Patent No. 4,634,697 by virtue of the 
aforesaid Assignment, see Exhibit (IX) )which has applied for an extension 
of term of this patent, declare that the duplicate copy of this application 
transmitted herewith is a true copy of the original application. 


I hereby acknowledge that all statements made herein of my own 
knowledge are true and that all statements made on information or belief 
are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false statements may 
jeopardize the validity of this application and any extension of United States 


Patent No. 4,634,697. 

, • Q>VoqW 


Date: 


Thomas D, Hoffman 



Attorney for Authorized Agent 
Registration No. 28221 
Tel. No. (908) 298-5037 
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(17) DECLARATION AND POWER OF ATTORNEY BY 
AUTHORIZED AGENT 

As the below identified official of Schering Corporation, the 
authorized agent for the owner of record of United States Patent No. 

4.634.697, which has applied for an extension of term of this patent, I 
declare (1) that I have been authorized to practice before the United States 
Patent and Trademark Office; and (2) that I have general authority from 
Schering Corporation, the authorized agent of the owner of record, to act on 
behalf of the owner of record in patent matters. 

I hereby acknowledge that all statements made herein of my own 
knowledge are true and that all statements made on information or belief 
are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false statements may 
jeopardize the validity of this application and United States Patent No. 

4.634.697. 
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POWER OF ATTORNEY: I hereby appoint as United States attorneys 
and with full powers of substitution and revocation, -to prosecute this 
application and transact all business in the Patent and Trademark Office 
connected therewith: Thomas D. Hoffman, Reg. No. 28,221; John J. 

Maitner, Reg. No. 25,636; Norman C. Dulak, Reg. No. 31 ,608; Edward H. 
Mazer, Reg. No. 27,573; Eric S. Dicker, Reg. No. 31 ,699, and Richard J. 
Grochala, Reg. No. 31,518. 


Send correspondence to: Thomas D. Hoffman 

Schering-Plough Corporation 
Patent Dept., K-6-1-1990 
2000 Galloping Hill Road 
Kenilworth, NJ 07033-0530 
Tel. No. (908) 298-5037 



Schering Corporation 
Reg. No. 27,929 
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(17) DECLARATION FOR EXTENSION OF UNITED 
STATES PATENT NO. 4.634.697 


I, THOMAS D. HOFFMAN. Registration No. 28,221 , as duly appointed 
attorney by virtue of the Power of Attorney duly executed by James R. 

Nelson Vice President of Schering Corp. for Applicant, Schering 
Corporation, the authorized agent for Shionogi (virtue of the Appointment of 
Agent, see Exhibit I), the owner of record of United States Patent No. 
4,634,697 (by virtue of the aforesaid Assignment see Exhibit IX) which has 
applied for an extension of term of this patent, declare that (1) I have 
reviewed and understand the contents of the attached application for 
extension of United States Patent No. 4,634,697; (2) that I believe that the 
patent is subject to extension under 35 U.S.C. §156 and 37 C.F.R. §1.710; 
(3) that I believe that the length of extension claimed for the 20 year from 
filing date term specified in paragraph 12(A) is fully justified pursuant to 35 
USC §1 54(c)(1), as amended (effective June 8, 1995) by the Uruguay 
Round Agreements Act, Publ. 103-465, 108 Stat. 4809 (1994) and 35 
U.S.C. §156 and the applicable regulations; and (4) that I believe that the 
patent for which an extension is being sought meets the conditions for 
extension of the term of a patent as set forth in 35 U.S.C. §156 and 37 C.F.R. 
§1.720. 

I hereby acknowledge that all statements made herein of my own 
knowledge are true and that all statements made on information or belief 
are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false statements may 
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jeopardize the validity of this application and any extension of United States 
Patent No. 4,634,697. 


nate . cnAcrt\3 fe 


Thomas D. Hoffman 


Attorney for Authorized Agent of Record 

Reg. No. 28,221 

Tel. No. (908) 298-5068 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In re: United States Patent 
No. 4,634,697 

Inventor: Yoshio Hamashima 
Issue Date: January 6, 1987 


-x 



tent Ext. 


. ffEB 1 2 W* 

OFMoturr-ciinuNf 


Honorable Commissioner of Patents 
and Trademarks 
Washington, D.C. 20231 

LETTER OF TRANSMITTAL OF APPLICATION FOR 
EXTENSION OF PATENT TERM 


Sir: 

Transmitted herewith for filing is an application for extension of 
term of U.S. Patent No. 4,634,697 and a duplicate of the papers thereof, 
certified as such. 

Also submitted herewith is an additional original declaration 
for extension of U.S. Patent No. 4,634,697. Therefore, the present 
application is complete and entitled to a filing date of 07-1 I l\ c Lb 


Applicant, Schering Corporation ("Schering") states that 
Schering is the authorized agent for Shionogi and Co., Ltd., (“Shionogi") 
owner of U.S. Patent No. 4,634,697, (see Exhibit I); that Schering is the 
holder of the regulatory approval granted with respect to the regulatory 
. review period.for. CEDAX® (ceftibuten for oral suspension) oral suspension 
as evidenced by: (1) submission on August 25, 1988 by Schering of IND 



No. 32,024 to the Food and Drug Administration (“FDA") for the purpose of 
conducting clinical studies for the use of Ceftibuten (Sch 39720) powder for 
oral suspension in humans (see Exhibit IV); (2) the submission on 
December 20, 1991 by Schering of NDA No. 50-686 for CEDAX® 
(ceftibuten for oral suspension) (see Exhibit Via); and (3) the FDA letter 
dated December 20, 1995 approving NDA No. 50-686 for CEDAX® 
(ceftibuten for oral suspension) for the treatment of acute bacterial 
exacerbations of chronic bronchitis and acute bacterial otitis media and 
pharyngitis and tonsillitis in humans (see Exhibit VII). 

The Commissioner is hereby authorized to charge payment in the 
amount of $1 ,060.00 and of any additional fees associated with this 
communication or credit any overpayment to Deposit Account No. 19-0365. 
A duplicate copy of this sheet is enclosed. 

Respectfully submitted, 

Thomas D. Hoffman 
Registration No. 28221 
Attorney for Assignee of Record 
Telephone No. (908) 298-5037 




SCHERING-PLOUGH CORPORATION 
Patent Department K-6-1-1990 
2000 Galloping Hill Road 
Kenilworth, New Jersey 07033-0530 
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EXHIBIT I 


Appointment of Agent 

Whereas Shionogi & Co., Ltd., (hereinafter "Shionogi") a company organized 
and existing under the laws of Japan, having its principal office in Osaka, 541 Japan 
and having an address currently designated as 1-8, Doshomachi 3-chome, Chuo-ku, 
Osaka 541, Japan and formerly designated as 12, Doshomachi 3-chome, Higashi-ku, 
Osaka 541, Japan, is the owner of record of U.S. Patent No. 4,634,697, entitled 
"Carboxyalkenamidocephalosporins," which was granted on January 6, 1987, by 
virtue of an Assignment of such U.S. Patent to Shionogi recorded on March 12, 1985, 
Reel 4383, Frame 0597; 

Whereas Schering Corporation (hereinafter "Schering"), a corporation 
organized and existing under the laws of the State of New Jersey, U.S. A., with its 
principal offices at 2000 Galloping Hill Road, Kenilworth, New Jersey 07033; has 
entered into an agreement with Shionogi under which Schering was granted certain 
rights under U.S. Patent 4,634,697; 

Whereas Schering is desirous of marketing product containing a compound 
within the scope of the claims of U.S. Patent 4,634,697 including the product known as 
CEDAX (Ceftibuten for Oral Suspension); 

Whereas Schering received marketing approval on December 20, 1995 from 
the United States Food and Drug Administration to market CEDAX (Ceftibuten for Oral 

f 

Suspension) (NDA #50-686); 

Whereas 35 USC §156, entitled, "Extension of Patent Term," provides at 
Section (a) (3) that an application for extension of a patent term be submitted by the 
owner of record of the patent or its agent; 




Now, therefore, as the below-identified official of Shionogi I state that (1) I have 
been authorized to obligate Shionogi to sign this Appointment of Agent and (2) I 
hereby appoint Schering, its subsidiaries and/or its designees as agents of Shionogi 
for the express purpose of submitting and handling all matters and correspondence in 
the U.S. Patent and Trademark Office attendant to the application for extension of the 
term of U.S. Patent 4,634,697 covering CEDAX Oral Suspension pursuant to 35 USC 
§156. This appointment shall be co-extensive with the term of the aforesaid 
agreement between Shionogi and Schering. 

Shionogi & Co., Ltd. 


Date : January 18 , 1996 

(type in name) 

Title: Representative Director j 

f 
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EXHIBIT II 


£ 


Drug Substance Summary 

l.m. Description Including physical and chemical characteristics and 

Ceftlbuten Is a third generation cephalosporin antibiotic. A 
pertinent Information Is provided In this section. 


stability, 
summary of 


(1) (1) Momencl ature and Code Designation 
Generic Name: 

Code Designation: 

CAS Registry Number: 

Chemical Names: 


(11) Structural Formula 

■J&, 

H 

COaH 

Molecular Formula C„H 14 N 4 0,S t .2H t 0 

Molecular Weight 446.43 

(2) Physical a nd Chemical Characteristics 

Appearance: White to yellowish white crystalline powder 

Solubility: Insoluble In water, hexane, chloroform, ethyl 

acetate and diethyl ether; very slightly 
. * soluble In acetone, methanol and anhydrous 

ethanol; freely soluble In dl methyl formamide 
and dimethyl sulfoxide. Very slightly soluble 
between pH 1 and 4, slightly soluble between 
pH 5 and 8, sparingly soluble between pH 9 and 
10. Solubility increased relative to water 
because of pH and/or Ionic strength. 


Ceftlbuten 
7432-S; Sch 39720 
CAS 97519-39-6 

(1) 5-Thla-l-azabicyclo [4.2.0]oct-2-ene-2- 
carboxyllc acid, 7-([2-(2-amino-4- 

thl azolyl )-4-carboxy-l-oxo-2-butenyl 1 - 
aminoj-8-oxo-, [6R-[6«, 7»(Z)J], dihydrate 

(2) <+)-(6R,7R)-7-[(Z)-2-(2-Am1no-4- 
thl azolyl )-4-carboxycrotonam1do]-8-oxo-5- 
thla-l-azablcyclo [4.2.0]oct-2-ene-2- 
carboxyllc acid, dihydrate 


C-CON 


HH 


' \ 


CHs 



2HiO 


OiH 



) * 


pH (20-60 pg/mL): 

pKa, 

pKa, 

pKa, 


4. 1-4. 5 (decreases with Increase in 
concentration) 

2.17 (4-carboxyl Group of the Cephem Ring) 

3.67 (Carboxyl Group on side chtln of 
Blactan ring) 

4.07 (Aral noth lazole Group) 


Partition Coefficient: 
Specific Rotation: 


T6A/DTA: 


Polymorphism: 


Structure Elucidation: 


Hygroscoplclty: 


Octanol /water partition coefficient is 0.040. 

[a]** 0 ■ +143* to +153* (C»6 mg/mL, 0.1M 
phosphate buffer, pH 8.0) 

Ceftlbuten loses water of adsorption 
-45°C, loses water of crystall Izatlon 
-60° C, decomposes -235*C 

No polymorphs observed as evidenced by .. 
Infrared spectroscopy, powder x-ray 
diffraction, and TGA/0TA. 

Nuclear magnetic resonance spectroscopy. 
Infrared spectroscopy, mass spectroscopy, 
and other analytical data In conjunction 
with the known chemical synthesis confirm 
the assigned structure. 

Slightly hygroscopic between 50X and 90X 
relative humidity (RH) and dehydrates below 


l.a.(3) 


Ceftlbuten Drug Substance 
stability Report Summary 


Proposed Retest Patino 

The proposed retest dating for Ceftlbuten Drug Substance is 1 8 months when stored in double 
polyethylene bags in fiber or steel drums at or below -20 °C. 

Summary of Stability Studies 

A report containing stability data obtained for Ceftlbuten Drug Substance is provided. The 
stability conditions used for these studies are -20°C, 5°C, 15°C, RT (ambient temperature). 
40°C, 25°C/75% RH, 25°C/90% RH, 40°C/75% RH, 10000-lux white light at 25°C. 


.5 


l 


0 


Batch numbers, stability packaging and amount of stability data provided are summarized 
below. 


BATCH NUMBERS^:'- , 

STABILITY DATA PROVIDED 

PACKAGING 

4X803 

Up to 27 months (shorter for 

These batches of drug 

4X804 

accelerated studies) 

substance were stored in 

4Y805 


stoppered glass bottles for 1 

the 5°C. to 40°C conditions. 1 

| 88ZC03 


Up to 18 months (shorter for 

Samples stored at RH or LT 

88ZC04 

accelerated studies) 

conditions were placed in 

88ZC05 


open glass containers. 

88ZC06 


886006 

Up to 18 months 

Polyethylene Bag (720 ±, 9 

886007 


mm wide, 1510 + 20 mm 

886010 


long, and 0.10 ±. 0.02 mm 
thick) made of low-density 



893004 

Up to 18 months at -20°C 

polyethylene (LDPE) virgin 

893005 


sheets which are doubled and 

893006 

• 

placed in fiber drums. 


The tests performed to evaluate the stability of ceftibuten (Seh 39720) drug substance are: Description 
(Physical Appearance), Specific Rotation, Moisture, Assay (HPLC), Related Substances • I, Related Substances - 
II (Group X compounds). 

Summary of Results 

The physical appearance of samples stored at 15*C or less for up^to 27 months remains within specification 
(white to yellowish white). Discoloration to a yellowish brown occurs after 12 months at RT and even sooner 
at elevated temperatures and/or humidity conditions. 

Specific rotation values decrease upon degradation of ceftibuten. The change in specific rotation is observed 
to parallel a decrease in drug substance potency and to provide a satisfactory control of optical purity. 

Samples stored at all conditions were observed to remain within moisture specification (8.0 to 12.5%) for up 
to 27 months. No increasing or decreasing trends in the data are apparent with time. 

The potency of ceftibuten decreases appreciably with time when stored at 5*C or higher. At 5*C the rate of 
loss is about 2 to 3% per year. An increase in relative humidity is also observed to further enhance the 
degradation rate. Exposure to light produces about a 4 to 5% loss of ceftibuten ii) 4 weeks. Ceftibuten 
samples stored in polyethylene bags inside of fiber drums and stored at -20*C are within specifications after 
1 8 months. This storage condition has been selected for batches of drug substance so as to provide the 
highest possible purity of ceftibuten for formulation into products. 

Both Group I and Group II Related Substances increase with a decrease in ceftibuten potency and good mass 
balance is generally observed. Related Substances I remain within specification (£, 3.0%) when stored at 5*C 
or less for up to 24 months. Related Substances II (Group X compounds) and the Total Related Substances 
remain within specification 

(< 3.0% and <. 4.0%, respectively) when stored at -20*C for up to 18 months. 

Additional Studies 

Stability studies on ceftibuten drug substance are ongoing. The packaging for the drug substance has now 
been upgraded to consist of an inner low density polyethylene bag closed with a plastic tie, an outer laminated 
polyethylene/polyvinylidene chloride/nylon bag containing an oxygen absorber closed with a plastic tie. and 
a gasketed steel drum. Further stability studies are planned using a comparable container/closure system. 
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1 * b * gltf Pf Manufacture and contr o l Oowatlom 


and control operations for the drug substance, 
ceftibuten dihydrate, will be performed at: 

Shionogi and Company, Ltd. 

Kanegasaki Plant 

7, Moriyama, Nishine, Kanegasaki-cho 
Isavagun, Ivate 029-45, Japan 

Type I DMF 9297 

In addition, control operations for the drug substance will 
also be performed at: 

Sobering Corporation 
13900 N. W. 57th Court 
Miami Lakes, Florida 33014 

A letter of certification from Shionogi has been included to 
confirm that the above procedures will be conducted in 
accordance with the documentation included in this NDA and the 
above referenced DMF. 

Alternatively, manufacturing operations for the intermediate, 
benzyloxycarboxamide or prenyl half ester will be performed 
by: /> 

Katsura Chemical Company, Ltd. 

Yamagata Plant 

5850-1, Koh, Higashine, Higashine-Shi 
Yamagata, 999-37 Japan 

Type I DMF 9298 . 

Included is a letter of confirmation from Katsura to confirm 
that all procedures will be carried out in conformance with 
the procedures contained in this NDA and the above referenced 
DMF. 
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Drug Product 



Page 

a. Composition and Dosage 

02 0046 

Form 


b.(l) Manufacturer 

02 0048 

(2) Method of Manufacture 

02 0048 

c. Specifications & Analytical 

02 0049 

Methods 


d. Container/Closure System 

02 0054 

e. Stability 

02 0055 

f. Investigational Formulations 

02 0060 


2.a. Application Summary 

Drue Product Composition and Dosage Form 
Ceftibuten Powder for Oral Suspension 
18 mg/mL 


18 me/ml 
Approximate 

m g/p 


Ceftibuten 72* 

Polysorbate 80 NF 0.4 

Simethicone, Food Grade 0.8 

Xanthan Gum NF 16 

SUicon Dioxide NF 10 

Titanium Dioxide USP 18 

Sodium Benzoate NF 8 

Cherry Flavor, Natural & Artificial 3.66 

Sucrose, Confectioners 6X (without starch) 

q.s. to make 1 g 

*As ceftibuten dihydrate 


The drug product is a light yellow to buff colored powder. 

Requisite amounts of powder are filled into appropriate glass bottles with a child resistant 
closure. When constituted with the designated amount of water, the requisite formula will yield 
a light yellow suspension containing 18 mg/ml Ceftibuten. 


b 



2.a. A pplication Summary 

Drug Product Composition and Dosage Form 

Ceftibuten Powder for Oral Suspension 
36mg/inL 


36 mg/ml 

Approbate 

me/g 


Ceftibuten 144* 

Polysorbate 80 NF 0.4 

Simethicone, Food Grade 0.8 

Xanthan Gum NF 16 

Silicon Dioxide NF 10 

Titanium Dioxide USP 18 

Sodium Benzoate NF 4 

Cherry Flavor, Natural & Artificial 3.66 

Sucrose, Confectioners 6X (without starchy 

q.s. to make 1 g 

*As ceftibuten dibydrate 


The drug product is a light yellow to buff colored powder. 

Requisite amounts of powder are filled into appropriate glass bottles with a child resistant 
closure. When constituted with the designated amount of water, the requisite formula will yield 
a light yellow suspension containing 36 mg/ml Ceftibuten. 
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2 * b *^ 1 ) Site of Manufacture, Packaging and Control operations 

2«S Uf ^ CtU ^ ing ' P rocessin 9' packaging and control operations 
dru £ dosage form are performed at the Schering 

33014 tieS at 13900 N * W * 57th Court / Miami Lakes, Florida; 

2.b. (2) Drug Product Method of Manufacture 

18 mg/m l and 36 mg/ml Products 

The sugar is milled and portions blended with the xanthan gum, 
polysorbate 80, simethicone, silicon dioxide, sodium benzoate 
and titanium dioxide. The blend is added to the balance of 
the mined sugar with the ceftibuten* and blended. The batch 
is then mixed with the cherry flavor. The batch is packaged 
using appropriate packaging materials. 9 


*As the dihydrate. 
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I. A. DESCRIPTION 

3. STRUCTURE ELUCIDATION OF 
CEFTIBUTEN 



I.A.3. 


TABLE OP COKTEttpft 

STRUCTURE ELUCIDATION OP CEFTIBUTEN 


1. Structure, Molecular Weight, Molecular Formula 
2» Elemental Analysis 

3. Proton Nuclear Magnetic Resonance Spectrum 

4. Carbon-13 Nuclear Magnetic Resonance Spectrum 

5 . Mass Spectrum 

6 • Infrared Spectrum 

7 . Ultraviolet Spectrum 

8. Absolute Configuration \\ 

9. Conclusion 


Paoefs^ 

03 0052 
03 0053 
03 0054 
03 0055 
03 0057 
03 0058 
03 0059 
03 0060 
03 0061 
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. Structure, Molecular Height, Molecular Formula 



• 2H 


fo(?ow1ng t pages! SUre 0bServins NHR s, 9nal assignments on the 



2 . 


Elemental Analysis 


1 lists the results of elemental analysis for 3 lots of mfni. 

takind 1 tot«i e ^lJf ned ^ f" alY 5 lE *9 re * vel1 with values calculated^'"' 
2o£w«“l«“ re (Vater of crystallieetion and water of adsorptSn, 


Table 1: Elemental Analysis 


Elements 


C 

H 

N 

S 


4X2 I&. 


Lot No. 
4X804 


-4Y80S 


ealcuUted* 1 Detm. Calculated* 5 Detm. Calculated* 5 Detm. 

(% > < % ) (%) (%) <%) (%) 


38.46 

4.40 

1136 

13.69 


38.77 39.21 

4.42 436 

12.17 12.19 

13.97 13.96 


39.12 

433 

1230 

13.92 


38.65 

436 

12.02 

13.76 


38.85 

4.40 

12.18 

1331 


*1 is calculated using a moisture content of 12.39%. 
*2 is calculated lining a moisture content of 10.67%! 
*3 is calculated using a moisture content of 11.92%. 






IPs 


o«4e nemi 



3. Proton Nuclear Magnetic Resonance Spectrum 

The characteristic signals are assigned as shown below. 


•' Chemical Shift 
t (ppm) 


Number of •’ Assignment 
Proton 


3-22 (d. J-7.4 Hz) 

3.57, 3.64 (ABq-d, J-1.9, 6.5, 19.0 Hz) 
5.12 (d, J-5.0HZ) 

5.82 (dd, J-5.0, 7.9 Hz) 

6.29 (s) 

6.48 (dd, J-1.9, 6.5 Hz) 

6.49 (t, J-7.4 Hz) 

7.08* (s) 

9.34* (d, J-7.9 Hz) 

12.78* (br) 


2 

2 

1 

1 

1 

1 

1 

2 

1 

1 


* Exchanged with deuterium 


13-HL 

2“H| 

6- H 

7- H 
SMI 
3-H 
12-H 


NH- 

9-H 

15-H 


,1 



9 iPf i 

Figure 1: ^o^Jjjglear Magnetic Resonance Spectrum of Ceftibuten (Lot 4X804) 


•Metienw 
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4. Carbon-13 Nuclear Magnetic Resonance Spectrum 

She characteristic signals are assigned as shown below. 


Chemical. Shift 
£ (ppm) 

Number of 
Linked Proton 

Assignment *' 

23.6 

34.3 
56.9 

59.4 

103.5 
120.1 

123.6 

2 

2 

1 

1 

1 

1 

! 

§ 

127.9 

0 

c“ 

133.4 

146.8 

162.6 

0 

0 

0 

c 11 

163.5 

0 

cj 4 

167.5 

167.7 

172.0 

0 

0 

0 



: \ 





RELATIVE 


5. 


Mass Spectrum 

of eeftibuten «« det 

below. agment ions greater 'than S^U? 1 *** * natrlx * 3he mined 

assigned as shown 



268 


K ^C' CH, COOH f 

**^C^CH»COOH 
£ 




Uo 


nan*! 



X TfWlSMITfnNCE 


6. Infrared Spectrum 


characteristi 


c bands are assigned as shown below. 


Band frequency 
(cm* 1 ) 


Assignment 


OH stretch of crystallization wzto 

OH stretch of -COOH 
NH stretch 

So 2 ^ '’^52? “ d of - COOH 0“ side-chain 

stretch of -COOH on cephem ring 
0=0 stretch of amide I * 

NH bending of amide n 
CN stretch of aromatic amine 



SSSMSS 11 ? SSSS*"** ,Ut ^ in (Approximate 
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7. Ultraviolet Spectrum 


^^g!SSS2SSifSSSS^ •• 


IjO. 



Figure 6: 


Ultraviolet Spectra of Ceftibuten 
Anhydrous Ethanol (20 //g/tal) 


(Lot 4X804) in 


Water, Methanol, and 



. Absolute Configuration 

ceftibuten single crystals Sdtahirfor l attempts to obtain 

determinations were tmsuccessful^cffM struetare 

solubility in some sSwnS o?T;^ Xf5i tei \f lack of efficient 
isomer when in solution vrere the ma foJ d if f ?£* ?«- f onve rs 1 011 to the trans 

crystals of adequate pur i tv °^s^^ n 9 /cooling cycles failed to produce 

the ceftibuten precursor (3^Norcephem , Diester) CI and a thf t ^^^K re < anallrsis of 
provide a solid basis for this conclusion? 1 ' ^ • th * synthesis route 

determination SFgf Sf^^oShSV 1 "? 16 «*•« structure 

the hydrogens on the chiral carbons are^eis lw * 1 Proves that 

rather than s,s is based Son STfart ?f c the l r «re R,R 

a penicillin starting material. The confiquration 11 ?? 12 ?^ * S s y n ^ lesized from 

compound is well established as beino R p ^ . i? of ?** Penicillin 

the . ring containing the chiral centers opened no ^ ere f" the synthesis is _ 

(reprinted free Recent Adv g£ £ iSSSZ&SSF- , 



9. Conclusion 

Taken collectively, elemented analysis, proton and carbon-13 nuclear 
magnetic resonance spectroscopy, infrared spectroscopy, mass spectrometrv 
and ultraviolet spectroscopy prove the assigned ceftibuten structure. The 
absolute configuration is confirmed by single crystal structure analvsis of 
a ceftibuten intermediate and the synthesis. * 


AO 
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Structure of a Ceftibuten Ester 


by Tomohiro Sato 

Shionogi Research Laboratories, Shionogi Iz Co. Ltd. 
Fukushima-ku, Osaka 553, Japan 

Abstract. Dipbenylmethyl (6i?,7J?)-7-[(.^-2-(2-benzylaxycarbonylamino- 
4-thiazolyl)-4-(3-methyl-2-butenoyloxycajbonyl)-2-butenoylamino]-8-oxo-5- 
thia-l-azabicyclo[4.2.0]oct-2-ene-2-carboxylate n-butyl acetate solvate, 
CiiHjjN^OjSj * C(HjjOj, M f — 895.05, orthorhombic, P2j2]2, a — 16.948(2), 
b s 19.434(2), c « 14.246(1) A, V = 4692.2(8) A®, J = 4,D, = 1.267 Mg m"*, 
Cu Ka radiation, A = 1.54178A, fx — 1.50mm -1 , F(000) = 1888, room tem- 
perature, R = 0.060 for 3570 observed reflections. The molecule has a standard 
cephem nucleus associated with a 7-substituent having a CC double bond in 
the E configuration. The present study, together with other lines of evidence, 
has established the stereochemistry of ceftibuten. 

Introduction. Ceftibuten (I), previously coded as 7432-S, is a new orally ab- 
sorbable cephalosporin (Hamashima et a/., 1987). Its 3-unsubstituted cephem 
nucleus is prepared by the Shionogi ring-expansion process starting from peni- 
cillin G (Hamashima ct al, 1977; Yoshioka, 1987). Since many attempts failed 
to obtain ceftibuten crystals suitable for X-ray crystallography, we have un- 
dertaken the X-ray structure determination of the synthetic precursor (II). 

(Scheme) 

Experimental. Repeated (four times) recrystallization of a pilot plant prod- 
uct (81.1% of the E isomer and 18.4% of the Z isomer by HPLC analysis) 
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from a 1:3:4 mixture of dichloromethan, ethyl acetate and methanol gave an 
essentially pure E isomer (E : Z = 98.79 : 0.51). 

Colorless and rod-like crystals grown from n-butyl acetate, D m not mear 
sured. Crystal dimensions: 0.30 x 0.30 x 0.40 mm, Rigaku AFC-5 diffractome- 
ter, graphite-monochromated Cu Ka radiation. Lattice parameters from 24 
reflections (40 < 2 9 < 55*). w/28 scan, 29 < 130*, 0 < /i < 19, 0 < Jb < 22, 
0 < / < 16, three standard reflections: no variation. 4438 independent re- 
flections measured, 3570 with I > 2<r(7) considered observed. No absorption 
correction. Structure solved by direct methods, most of the hydrogens of 
the ceftibuten ester identified in a difference Fourier map and the remaining 
hydrogens including those of the solvent molecule calculated using standard 
geometries. These hydrogens included in the calculation but their parame- 
ters not refined. Block-diagonal least squares refinement, anisotropic thermal 
parameters for non-H atoms, isotropic type-I extinction correction (Becker 
t Coppens, 1974) with g = 0.23(1) x 10 -4 , £ ty(AF) 2 minimized, tu = 1, 
R = 0.060, wR = 0.054, final Ishift/al™*, < 0.2, —0.44 < Ap < 0.44 eA“ 8 . 
The final atomic parameters are given in Table 1.* Bond distances and angles 
are listed in Table 2. 

All crystallographic calculations were made on a VAX3100 workstation .us- 
ing the program system XTALS.6 (Hall & Stewart, 1989) with the scattering 
factors as included in the program. 

Discussion. A perspective view of the molecule is shown in Fig. 1. 

The molecule has a standard cephem nucleus. The ring torsion 
about the N(l)-C(2), C(2)-C(3), C(3)-C(4), C(4>S(5) , S(5)-C(6) and C(6)- 
N(l) bonds are 12.7(8), 4.3(9), 17.1(8), -42.5(5), 56.0(4) and -48.3(6)*, re- 



spectively, while Ihe value of 16.1(7)' is found with the torsion angle S(5> 
C(6)-C(7)-N(13). These angles are well compared with those found with other 
cephalosporins, c.g. ceftizoodme (Miyamae, Koda k, Morimoto, 1986). Al- 
though the present X-ray analysis does not exclude the possibility of the abso- 
lute configuration being opposite, the chemical process used for the production 
of ceftibuten retains the (5*. 6H) configuration of penicillin G (Hamashima 
et al. t 1977; Yoshioka, 1987). and, therefore, the configurations at G(6) and 
C(7) are both in the R with the present molecule. 

The C(16)-C(33) double bond in the 7-substituent has an E configuration, 
the torsion angle C(14)-C(16)-C(33)-C(34) being -179.0(6)'. The E isomer 
of ceftibuten can be transformed on treatment with add into Z t which is eight 
times more active than the other (Hamashima et ai t 1987). 

The packing scheme in the crystal is shown in Fig. 2. The crystal structure 
contains n-butyl acetate (III), which shows no specific interactions with the 
ceftibuten ester. 

Acknowledgement. The authors thank Dr. F. Thkami and Mr. A. Okuyama 
of our Production Department for preparing the crystals used in this study. 


*Lists of hydrogen atom parameters, anisotropic thermal parameters and struc- 
ture factors have been deposited with the British Library Document Supply 
Centre^ Supplementary Publication No. SUP XXXXX (15 pp.) Copies may 
be obtained through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH12HU, England. 
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Table 1. fractional atomic coordinates and equivalent isotropic thermal 

parameters (A*) 

= (1/3) Ei £; . a, 



9 

V 

X 


H(l) 

0.4476(3) 

0.6090(2). 

1.0084(3) 

0.046(3) 

C(2) 

0.4859(3) 

0.^057(3) 

1.0959(4) 

0.046(3) 

C(3) 

0.4521(4) 

0.5733(3) 

1.1682(4) 

0.053(3) 

C(4) 

0.3758(4) 

0.5339(3) 

1.1653(4) 

0.057(4) 

S(5) 

0.34187(9) 

0.50994(9) 

1.0490(1) 

0.0555(9) 

C(6) 

0.3649(3) 

0.5908(3) 

0.9954(4) 

0.049(3) 

C(7) 

0.3817(3) 

0.5886(3) 

0.8876(4) 

0.050(3) 

C(8) 

0.4690(3) 

0.5941(3) 

0.9180(4) 

0.045(3) 

0(9) 

0.5316(2) 

0.5872(2) 

0.8800(3) 

0.059(3) 

C(10) 

0.5607(3) 

0.6449(3) 

1.1098(4) 

0.049(3) 

0(11) 

0.6041(3) 

0.6379(2) 

1.1754(3) 

0.061(3) 

0(12) 

0.5706(2) 

0.6903(2) 

1.0406(3) 

0.058(2) 

N(13) 

0.3600(3) 

0.5312(2) 

0,8323(3) 

0.050(3) 

C(14) 

0.2957(3) 

0.5347(3) 

0.7762(4) 

0.051(3) . 

0(15) 

0.2526(3) 

0.5852(3) 

0.7765(4) 

0.079(3) 

C(16) 

0.2796(3) 

0.4739(3) 

0.7144(4) 

0.053(3) 

C(17) 

0.3439(3) 

0.4233(3) 

0.6959(4) 

0.047(3) 

N(18) 

0.4158(3) 

0.4475(2) 

0.6658(3) 

0.047(3) 

C(19) 

0.4643(3) 

0.3973(3) 

0.6514(4) 

0.048(3) 

S(20) 

0.4280(1) 

0.31632(8) 

0.6738(1) 

0.061(1) 

C(21) 

0.3395(4) 

0.3543(3) 

0.7049(5) 

0.059(4) 


as 



N(22) 

0.5411(3) 

0.4104(2) 

0.6236(4) 

0.055(3) 

C(23) 

0.5928(4) 

0.3598(3) 

0.5966(5) 

0.063(4) 

0(24) 

0.5779(3) 

0.2998(2) 

0.5964(4) 

0.083(3) 

0(25) 

0.6607(3) 

0.3895(2) 

0.5729(4) 

0.080(3) 

C(26) 

0.7254(4) 

0.3428(4) 

0.5489(7) 

0.094(6) 

C(27) 

0.7334(4) 

0.3351(4) 

0.4455(6) 

0.085(5) 

C(28) 

0.6837(5) 

0.2961(4) 

0.3942(7) 

0.100(6) 

C(29) 

0.6927(6) 

0.2882(5) 

0.2982(7) 

. 0.120(8) 

COO) 

0.7524(7) 

0.3201(5) 

0.2544(7) 

0.133(8) 

C(31) 

0.8040(6) 

0.3601(6) 

0.3074(8) 

0.152(9) 

C(32) 

0.7946(5) 

0.3680(5) 

0.4001(8) 

0.114(7) 

C(33) 

0.2070(4) 

0.4675(4) 

0.6795(5) 

0.064(4) 

C(34) 

0.1777(4) 

0.4109(4) 

0.6182(5) 

0.072(5) 

C(35) 

0.1243(4) 

0.4357(4) 

0.^5412(5) 

0.067(4) 

0(36) 

0.1068(3) 

0.4949(3) 

0.5265(3) 

0.092(4) 

0(37) 

0.0990(3) 

0.3832(3) 

0.4900(3) 

0.078(3) 

C(38) 

0.0488(4) 

0.3986(5) 

0.4084(5) 

0.089(5) 

C(39) 

0.0948(4) 

0.4312(4) 

0.3301(5) 

0.075(5) 

C(40) 

0.1435(4) 

0.3989(4) 

0.2747(5) 

0.072(5) 

C(41) 

0.1885(5) 

0.4351(4) 

0.1974(6) 

0.095(6) 

C(42) 

0.1608(7) 

0.3249(5) 

0.2843(8) 

0.142(9) 

C(43) 

0.6349(4) 

0.7395(3) 

1.0514(5) 

0.058(4) 

C(44) 

0.7120(4) 

0.7109(3) 

1.0147(5) 

0.057(4) 

C(45) 

0.7172(4) 

0.6581(4) 

0.9507(5) 

0.077(5) 

C(46) 

0.7891(5) 

0.6360(5) 

0.9174(6) 

0.095(6) 

C(47) 

0.8566(4) 

0.6665(4) 

0.9487(7) 

0.096(6) 



CC48) 

0.8534(4) 

0.7185(4) 

1.0114(7) 

0.100(6) 

C<49) 

0.7816(4) 

0.7403(3) 

1.0463(6) 

0.080(5) 

C(50) 

0.6084(4) 

0.8027(3) 

0.9984(5) 

0.067(4) 

C(51) 

0.5674(4) 

0.7967(4) 

0.9148(6) 

0.085(5) 

C(52) 

0.5426(5) 

0.8526(5) 

0.8660(7) 

0.123(8) 

C(S3) 

0.5594(6) 

0.9169(6) 

0.8965(9) 

0.151(9) 

C(54) 

0.6028(7) 

0.9252(4) 

0.9756(9) 

0.141(9) 

C(55) 

0.6281(5) 

0.8670(4) 

1.0309(7) 

0.105(7) 

C(56) 

0.6675(9) 

0.5372(7) 

0.4242(8) 

0.18(1) 

C(57) 

0.6136(5) 

0.609(1) 

0.4133(6) 

0.25(2) 

0(58) 

0.5498(8) 

0.5648(8) 

0.3889(9) 

0.33(2) 

0(59) 

0.6168(9) 

0.6577(7) 

0.4137(8) 

0.33(2) 

C(60) 

0.5589(8) 

0.711(1) 

0.398(1) 

: i 

0.361(1) 

0.31(2) 

C(61) 

0.5743(8) 

0.7736(7) 

0.22(1) 

C(62) 

0.512(1) 

0 . 8062 (7) 

0.308(2) 

0.31(2) 

C(63) 

0.5463(7) 

0.8716(9) 

0.298(1) 

0.24(2) 



Tfeble 2. Bond distances (A) and angles (°) 


H(l)-C(2) 

1.407(7) 

N(l)-C(6) 

1.457(7) 

N(l)-C(8) 

1.369(7) 

C(2)-C(3) 

1.336(8) 

C(2)-C(10) 

1.492(8) 

C(3)-C(4) 

1.603(9) 

C(4)-S(5) 

1.815(6) 

S(5)-C(6) 

1.791(6) 

C(6)-C(7) 

1.563(8) 

C(7)-C(8) 

1.544(8) 

C(7)-H(13) 

1.415(8) 

C(8)-0(9) 

1.199(7) 

C (10) -0(11) 

1.198(7) 

C (10) -0(12) 

1.334(7) 

0(12) -C(43) 

1.457(7) 

N(13)-C(14) 

1.353(7) 

C (14) -0(15) 

1.223(8) 

C(14)-C(16) 

1.499(9) 

C(16)-C(17) 

1.490(8) 

C(16)-C(33) 

1.333(8) 

C(17)-N(18) 

1.376(7) 

C(17)-C(21) 

1.349(9) 

N(18)-C(19) 

1.292(7) 

; b(19)-S(20) 

1.719(6) 

C (19) -N (22) 

1.384(7) 

S(20)-C(21) 

1.729(7) 

N(22)-C(23) 

1.373(8) 

C (23) -0(24) 

1.193(8) 

C (23) -0(25) 

1.331(8) 

0(25)-C(26) 

1.463(9) 

C(26)-C(27) 

1.49(1) 

C(27)-C(28) 

1.35(1) 

C(27)-C(32) 

1.38(1) 

C(28)-C(29) 

1.38(1) 

C (29) -COO) 

1.34(1) 

C(30)-C(31) 

1.39(2) 

C(31)-C(32) 

1.34(2) 

C(33)-C(34) 

1.49(1) 

C(34)-C(35) 

1.50(1) 

C (35) -0(36) 

1.206(9) 

COS) -0(37) 

1.327(9) 

0(37)-C(38) 

1.471(8) 

C(38)-C(39) 

1.50(1) 

C(39)-C(40) 

1.30(1) 

C(40)-C(41) 

1.51(1) 

C(40)-C(42) 

1.47(1) 

C(43)-C(44) 

1.512(9) 

C(43)-C(50) 

1.510(9) 



C(44)-C(45) 

1.38(1) 

C(45)-C(46) 

1.38(1) 

C(47)-C(48) 

1.35(1) 

C(50)-C(51) 

1.38(1) 

C(51)-C(62) 

1.36(1) 

C(53)-C(54) 

1.36(2) 

C(56)-C(57) 

1.68(2) 

C (57) -0(59) 

.95(3) 

C(60)-C(61) 

1.35(3) 

C(62)-C(63) 

1.40(2) 

C(2)-N(l)-C(6) 

123.0(4) 

C(6)-K(l)-C(8) 

94.8(4) 

K(l)-C(2)-C(10) 

119.1(5) 

C(2)-C(3)-C(4) 

126.0(5) 

C(4)-S(5)-C(6) 

95.4(3) 

»(1)-C(6)-C(7) 

87.6(4) 

C(6)-C(7)-C(8) 

84.1(4) 

C(8)-C(7)-H(13) 

117.4(5) 

H(l)-C(8)-0(9) 

133.0(5) 

C (2) -C (10) -0(11) 

124.6(5) 

0(11)-C(10)-0(12) 

125.1(5) 

C(7)-N(13)-C(14) 

119.9(5) 

N(13)-C(14)-C(16) 

116.9(5) 

C(14)-C(16)-C(17) 

119.4(5) 

C(17)-C(16)-C(33) 

123.2(6) 

C(16)-C(17)-C(21) 

126.8(5) 


C(44)-C(49) 

1.387(9) 

C(46)-C(47) 

1.36(1) 

C (48) -C (49) 

1.38(1) 

C(50)-C(55) 

1.37(1) 

C(52)-C(53) 

1.35(1) 

C(54)-C(55) 

1.44(1) 

C (57) *-0(58) 

1.43(2) 

0(59) -€(60) 

1.45(2) 

C(61)-C(62) 

1.44(2) 

C(2)-H(1)“C(8) 

134.6(5) 

N(l)-C(2)-C(3) 

120.5(5) 

CC3)-C(2)-C(10) 

C(3)-C(4)-S(5) 

120.2(5) 

115.4(4) 

H(l)-C(6)-S(5) 

111.6(4) 

S(5)-C(6)“C(7) 

115.8(4) 

C(6)-C(7)“H(13) 

121.4(5) 

H(1)“C(8)“C(7) 

91.5(4) 

C(7)-C(8)-0(9) 

135.5(5) 

C(2)-C(10)“0(12) 

110.3(5) 


C (10) -0 (12) -C (43) 116 .7 (6) 

N (13) -C (14) -0(15) 121.3(6) 

0(15)“C(14)“C(16) 121.7(6) 

C(14)-C(16)-C(33) 117.4(6) 

C (16) “C (17) -H (18) 118.6(6) 

K(18)-C(17)-C(21) 114.7(6) 



C(17)-N(18)-C(19) 

110.8(5) 

N (18) -C (19) -S (20) 

115.8(4) 

H(18)-C(19)-N(22) 

120.3(5) 

S (20) -C (19) -N (22) 

123.9(4) 

C(19)-S(20)-C(21) 

88.1(3) 

C (17) -C (21) -S (20) 

110.6(5) 

C(19)-H(22)-C(23) 

123.3(5) 

H (22) -C (23) -0(24) 

124.4(6) 

N (22) -C (23) *~0 (25) 

108.2(5) 

0 (24) -C (23) -0(25) 

127.4(6) 

C (23) -0 (25) -C (26) 

115.9(5) 

0 (25) -C (26) -0(27) 

111.3(6) 

C (26) -C (27) -C (28) 

122.4(7) 

C(26)-C(27)-C(32) 

119.1(7) 

- C (28) -C (27) -C (32) 

118.4(9) 

C(27)-C(28)-C(29) 

121.9(8) 

C (28) -C (29) -C (30) 

119.5(9) 

C(29)-C(30)-C(31) 

118.6(9) 

C(30)-C(31)-C(32) 

122(1) 

C(27)-C(32)-C(31) 

119.9(9) 

C(16)-C(33)-C(34) 

126.5(6) 

C (33) -C (34) -C (35) 

113.0(6) 

C (34) -C (35) “0 (36) 

125.6(6) 

C (34) -0(35) -0(37) 

110.4(6) 

0 (36) -C (35) -0(37) 

124.0(6) 

C(35)r0(37)-C(38) 

<> 

C(38) -0(39) -0(40) 

117.7(6) 

0 (37 ) -C (38) -C (39) 

111.9(6) 

125.1(7) 

C (39) -C (40) -C (41) 

122.4(7) 

C(39) -0(40) -0(42) 

122.6(8) 

C(41)-C(40)-C(42) 

114.9(7) 

0(12) -0(43) -0(44) 

111.6(5) 

0 (12) -C (43) -C (50) 

104.9(5) 

0(44) -0(43) -0(50) 

112.5(5) 

C (43) -C (44) -C (45) 

124.0(6) 

0(43) -0(44) -0(49) 

118.1(6) 

C (45) -C (44) -C (49) 

117.9(6) 

0(44) -0(45) -0(46) 

121.2(7) 

C (45) -C (46) -C (47) 

119.6(8) 

0(46) -0(47) -0(48) 

120.5(7) 

C (47) -C (48) -C (49) 

120.3(7) 

0(44) -0(49) -0(48) 

120.4(7) 

C (43) -C (50) -C (51) 

120.7(6) 

0(43) -C(50) -0(55) 

120.0(7) 

C (51) -C (50) -C (55) 

119.2(7) 

C (50) -C (51) -C (52) 

121.9(8) 

C(S1)-C(S2)-C(53) 

120.7(9) 

C(S2)-C(53)-C(S4) 

119(1) 

C(53)-C(54)-C(55) 

121.4(9) 

0(50) -0(55) -0(54) 

117.2(9) 

C (56) -C (57) -0(58) 

86(1) 

C(56) -0(57) -0(59) 

143(1) 



0 (58) -C (57)-0 (59) 

130(1) 

C (57) -0 (59) -C (60) 

133(1) 

0 (59) -C (60) -C (61) 

125(1) 

C(60)-C(61)-C(62) 

117(1) 

C(61)-C(62)-C(63) 

99(1) 
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Figure captions 


Fig. 1. A perspective view of the ceftibuten ester, prepared with PLUTO 
(Motherwell k Clegg, 1978). 

Fig. 2. A [00 ^-projection of the unit cell, prepared with PLUTO (Motherwell 
k Clegg, 1978). 
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[57] ABSTRACT 

An antibacterial 7beta-(carboxy&lkenoy])ainino-3-ceph- 
cm -4-car boxy lie acid represented by the following for- 
mula: 



R 2 — COOR 3 COOR 6 


(wherein 

R is aryl or a heterocyclic group; 

R* is hydrogen or halogen; 

R 2 is a single bond, alkylene, or thiaalkylene; 

R 3 is a hydrogen atom or carboxy modifying group; 
R 4 is hydrogen or methoxy; 

R 5 is hydrogen or a 3-substituent of cephalosporins; 
R 6 is a hydrogen atom or carboxy modifying group; anti 
X is oxygen, sulfur, or sulfinyl) 

a pharmaceutical composition containing the same, and 
a method for treating a bacterial infection with the 
same. 


18 Claims, No Drawings 
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CARBOXYALKENAMIDOCEPHALOSPORINS 

This application is a continuation in part of applica- 
tion Ser. No. 656,731, filed Oct. I, 1984 (now aban- 
doned). 

This inven ;ion relates to antibacterial 7beta-(carbox- 
yalkenoylamino)-3-cephera-4-carboxylic acids repre- 
sented by the following formula: 


R — C — CONH 


R 2 — COOR 3 COOR® 

(wherein 

R is aryl or a heterocyclic group; 

R 1 is hydrogen or halogen; 

R 2 is a single bond, alkylene, or thiaalkylene; 

R 3 is a hydrogen atom or carboxy modifying group; 
R 4 is hydrogen or methoxy; 

R 3 is hydrogen or a 3-substituent of cephalosporins; 
R 6 is a hydrogen atom or carboxy modifying group; and 
X is oxygen, sulfur, or sulfinyl) 

The following explains the variable groups of the 
formula (I): 

R as aryl is optionally substituted phenyl. R as a het- 
erocyclic group is an optionally substituted 5 or 6 mem- 
bered monocyclic ring group containing 1 to 4 hetero 
atoms selected from oxygen, nitrogen, and sulfur. Rep- 


Thc alkylene part in R 2 is lower alkylene. preferably 
1 to 3 C alkylene, especially methylene. 

R 5 as a substituent of cephalosporins can be, among 
others, hydroxy, alkanoyloxy, halogen, alkoxy. alkyl- 
5 thio. alkenylthio, alkyl (e.g., methyl), alkenyl (e.g., vi- 
nyl, cyanovinyl. trifluoropropenyl). substituted methyl, 
or the like which are well known 3-substituents of ceph- 
alosporins. Here, the substituent in the said substituted 
methyl can be pyridinio, substituted pyridinio. halogen. 
10 hydroxy, alkoxy, acyloxy (e.g., acetoxy, car- 
bamoyloxy), alkylthio, haloalkylthio, cyanoalkylthio, 
heterocyclic thio (e.g., triazolyl thio, methyltetrazo- 
lylthio, thiadiazolylthio optionally substituted by 
amino, aminomethyl, alkoxy, or methyl), triazolyl, te- 
15 tr&zolyl, or . the like. The said alkyl part is preferably 
methyl. Preferably R 3 is hydrogen, vinyl, carba^zoylox- 
ymethyl, tetrazolyllhiomethyl, or thiadiazolylthi- 
omethyl. 

R 3 or R 6 as a carboxy-raodifying group is preferably 
20 an ester forming group or salt forming atom or group 
each useful as a carboxy-pro tec ting group or one for a 
medical derivative. 

Preferably X is sulfur. 

The said carboxy-protecting group is known in peni- 
25 cillin and cephalosporin fields as it can be introduced 
and removed without adverse efTect on other part of the 
molecule. Representative are an inorganic salt (e.g., 
lithium, sodium, potassium, magnesium, calcium, alumi- 
num, or ammonium salt), organic base salt, for example, 
30 alkylamine salt (e.g., ethylamine, diethylamine, triethyl- 
amine, piperidine, morpholine, N-roethylmoroholine 
salt), aromatic amine salt (e.g., aniline, dimethylaniline 
salt), aromatic base salt (e.g., pyridine, picoline, lutidine, 
nicotinamide, quinoline salt), optionally substituted ! to 
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r «entawe nngs are pyrry! faryl. thienyl, pyrazo y . 35 8C alkyl ester (e.g., methyl, methoxymethyl. ethox- 


imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, 
triazolyl, oxadiazolyl, thiadiazolyl, tetrazolyl, thia- 
triazolyl, pyridyl, pyrimidyl, pyrazinyl, triazinyl, and 
the like. Here, the said substituents include, among 
other conventional ones, alkyl, substituted alkyl, car- ^ 
boxy, protected carboxy, amino, protected amino, hy- 
droxy, protected hydroxy, halogen, sulfamcyl, and the 
like. Among the protecting groups in the protected 
amino, preferred are 7 to 20C optionally substituted 


ymethyl, ethyl, methoxyethyl, trichloroethyl, iodo- 
ethyl, propyl, isopropyl, ethexyethyl, methylthioethyl, 
methanesulfonylethyl, methanesuTfonylmethyl, butyl, 
isobutyl, t-butyl, hexyl ester), 7 to 15C aralkyl ester 
(e.g., benzyl, methylbenzyl, dimethvlbenzyl, methoxy- 
benzyl, ethoxybenzyl, nitrobenzyl, aminobenzyl, phen- 
ethyl, diphenylmethyl, trityl, phthahdy), phenacyl, di-t- 
butyl-hydroxybenzyl ester), 6 to 12C aryl ester (e.g., 
phenyl, tolyl, diisopropylphenyl, xylyi. trichloro- 


aralkyl (e.g.. benzyl, benzhydryl. trityl. methoxybenzyl, 45 phenyl, indanyl ester), 3 to 12C silyl ester (e.g., trimeth- 
dimethor.ybenzyl, nitrobenzyl, methylbenzyl, dimethyl- ylsilyl, t-butyldimethylsilyl, dnnethylmetboxysilyl es- 
benzyl), 1 to 8C optionally substituted alkyl (e.g., tri- ter), 3 to 12C stannyl ester (e.g., trimethylstannyl ester), 

chloromethyl, trichloroethyl, trifluoromethyl, tetrahy- l lo 12 c N-hydroxyamino ester (ester with e.g., acetone 

dropyranyl), substituted phenylthio 1 to 8C substituted oxim, acetophenone oxim, acetaldoxim, N-hydroxysuc- 


alkylidene, 7 o 14C substituted aralkylidene, 5 to 8C 50 cinimide, N-hydroxyphthalimide), 2 to 7C alkenyl ester 


substituted cycloalkyhdene, acyl [e.g., 1 to 8 C option- 
ally substituted alkanoyl (e.g., formyl, acetyl, chloroac- 
etyl, trifluoroacetyl), 2 to 12C optionally substituted 
lower alkoxy carbonyl (in which the alkyl part is 
methyl, ethyl, prepy l, cyclopropylethyl, isopropyl, 55 
butyl, pentyl, hexyl, trichloroethyl, pyridylmethyl, cy- 
clcpentyl, cy jlohcxyl, quinolylmethyl, or the like), 8 to 
15C optionally substituted aralkoxycarbony] (in which 
the aralkyl part is benzyl, diphenylmethyl, nitrobenzyl, 
or the like), succinyl, phthaloyl], trialkylsilyl, aikox 60 
yd ia!k ylsilyl, trialkylstannyl, and the like. 

Preferably R is one selected from phenyl, furyl, thi- 
enyl, oxazolyl, isoxazolyl, optionally protected azninoi- 
soxazolyl, tniazolyi, optionally protected aminothiazo- 


(e.g., vinyl, propeayl, ally I ester), and the like. Anhy- 
drides with carbonic or carboxylic acid, reactive am- 
ides, and the like are equivalent carboxy-protecting 
group. Said protecting part may further be substituted. 

55 Preferably R 3 and R 6 as carboxy protecting groups 
are hydrogen, sodium, potassium, methyl, t-butyl, 
phenyl, indanyl, benzyl, cyanobmzyl, balobenzyl, 
methylbenzyl, nitrobenzyl, phenylbeuzyl, or the like. 

The protecting group is absent in objective products. 

60 So, :t> structure has in itself no specific meaning, as far 
as the group serves well for the protection and thus it 
can be replaced by a wide variety of equi valent groups. 

Especially useful carboxy deri\ stives are r^edicaMy 
available ones including light metal salts and pharma- 


lyl, thiadiazolyl, and aminothiadiczolyl. An optionally 65 ceutically acceptable esters. The preferred light metals 


protected aminothiazolyl is more preferable. 

R 1 as halogen is fluorine or chlorine, especially chlo- 
rine. Preferably R* is hydrogen. 


are those forming physiologically acceptable ions and 
belonging to the 1st 10 3rd group, 2nd to 4th periods of 
the Periodical Table. Lithium, sodium, potassium, mag- 
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nesium, calcium, aluminum, and the like are preferable. 
The pharmacological esters show antibacterial potency 
on administering orally or parenterally and include well 
known 3 to 12C 1 -substituted alkyl esters, for example, 
alkanoyloxyalkyl esters (e.g., acetoxymethyl. acctoxy- 
ethyl, propionyloxyethyl, pivaloyloxymethyl, pivaloy- 
loxyethyl, tetrahydrofuryl, tetrahydropyranyl ester), 3 
to 8C aJkoxyformyloxyalkyl esters (e.g., ethoxycar- 
bonyloxyethyl ester), 7 to 15C substituted aralkyl esters 
(e.g., phenacyl, phthalidyl ester), 6 to 12C substituted 
aryl esters (e.g., phenyl, xylyl, indanyl ester), and 2- 
alkenyl esters (e.g., allyl, 2-oxo-l,3-dioxolenylmethy) 
ester). 

Both of the geometric isomers at the doub.e bond in 
the 7-side chain are antibacterials. Among them, those 
having the R and R 1 in the cis position are more potent 
antibacterials. The other geometric isomers (trans) are 
useful also as an intermediate for preparing the corre- 
sponding cis isomer. 

Some of the representative Compounds (I) of this 
invention are listed below. These should not be taken as 
an exhaustive listing of the compounds of this invention. 
7be ta - [2 -(2 -aminothiazoi-4-y 1 )-4-carboxy-2 - 
butenoyIamino)-3-cephem-4-carboxylic acid, 
7beta-[2-(2-aminothiazol-4-yl)-*r-carboxy-2- 

butenoylamino]-3-methyI-3-cephem-4-carboxylic 

acid, 

7beta-[2-(2-aminothiazol-4-yI)-4-carboxy-2- 
butenoylamino]-3-vinyl-3-cepnem-4-carboxylic acid, 
7beta-[2-(2-aminothiazoI-4-yl)-4-carboxy-2- 
butenoylamino]-3-trifiuoropropenyl-3-cephem-4-car- 
boxylic acid, 

7beu-[2-(2-aminothiazol-4-yl)-4-carboxy-2- 

bu.enoylamino]-3-acetoxymethyl-3-cephem-4-car- 
boxylic acid, 

7beu - ( 2-(2 -and not hiazol -4-y I )-4-carbox y- 2- 
butenoylami*iio]-3-carbamoyloxymethyl-3-cephcm- 
4-carboxylic acid, 

7beta- [2 -( 2-aminothiazoI -4- y I )-4-carboxy-2 - 
butenoylamino] 3-mcthoxymethyl-3-cephem-4-car- 
boxylic acid, 

7be»a-[2-(2-aminothiazoI-4-yI)-4-carboxy-2- 

butenoylamino]-3-me?hylthiomethyl-3-cephem-4- 
carboxylic acid, 

7beta [2-(2-aminothiazo; ■4-yl)-4-carboxy-2- 

butenoylamino]-3-cyanomeihylUiiomethyl-3-ceph- 
em -4-carboxyl ic acid, 

7be ta- [2 -(2-amino thiazol -4-y I )-4-carbox y-2- 

butenoy*amino]-3-pyridinioethy]-3-cephem-4-car- 
boxylate, 

7be ta - [2 -(2-aminothiazol -4-y l)-4-car box y - 2 - 

butenoyIamino]-3-triazolylthiomcthyl-3-cephem-4- 
carboxylic acid, 

7beu, - [2-(2 -aminothi azol -4-y l)-4-carbox y-2 - 

butenoylamino]-3-thiadiazoIyIthiomethyl-3-cephem- 
4-carbcxylic acid, 

7beta-[2-(2-aminothiazol-4-yl)-4-carboxy 
butenoyiamino]-3-methyltetrazolylthiomethyl-3- 
cephem-4-carboxylic acid, 

7beta-(2-(2-aminothiazol-4-y l)-4-carbox v-2- 

butenoylamino]-3-methoxy-3-cephem-i-carboxylic 
acid, 

7 beta- [2 -(2-amiiiOthiazoI-4-yl)-4-carboxy-2- 

butenoylamino]-3-chloro-3-cephero-4-carboxylic 
acid, 

7beta-[2-(2-aminothiazoI-4-yl)-4-carboxy-2- 
butenoylaminc]-3-fluoroethylthio-3-cephem-4-car- 
boxylic acid. 


7bcta-[2-(2-aminothiazol-4-yl)-4-carboxy-2- 

butenoylamino]-3-trifluoroethylthio-3-cephem-4-car- 
boxylic acid. 

7be ta -[2-<2 -aminothiazol-4-y I)- 5-carboxy- 2 -pen - 
5 tenoylamino]-3-cephem-4-carboxyIic acid, 
7beta-[2-<2-aminofhiazo1-4-yl)-6-carbcxy-2-hex- 
enoylamino]-3-ccphem-4-carboxylic acid, 
7beta-[2-(2-aminothiazol-4-yI)-4-carboxy-2-pen- 
tenoylamino)-3-cephem-4-carboxyIic acid, 

10 7beta-[2-{2-aminothiazol-4-yI)-4-carboxy-4-meihyl-2- 
pentenoylamino]-3-cephem-4-carboxylic acid, and 
7beta- [2-(2 -aminothiazol -4-y l)-4-carbox y- 3-chloro-2- 
butenoylamino)-3-cephem-4-carboxylic acid. 

15 Some compounds closely related to Comoounds (I) 
are disclosed in Japanese patent publication Kokoku 
No. 10,996/1967, Kokal No. 57-93<>82. and Belgian Pat. 
Nos. 816,408 and 888,389. These are not superior to 
Compounds (I) in their antibacterial activity, enteral or 
20 parenteral absorbability, excretion, or the like charac- 
teristics. 

Compounds (I) are antibacterials against aerobic 
Gram-positive bacteria (e.g.. Bacillus cereus, Bacillus 
subtil is, Corynebacterium diphtheriae, Staphylococcus 
25 aureus. Staphylococcus epidermidis, Streptococcus pneu- 
moniae, Streptococcus pyogenes. Streptococcus vi rid a ns, 
enterococci) and Gram-negative bacteria (e.g., Citro- 
bacter di versus, Citrobacter freundii, Enterobacter aero- 
gens, Enterobacter cloacae, Escherichia colt Haemophilus 
30 influenzae, Klebsiella pneumoniae. Neisseria gonorrhoeae. 
Neisseria meningitidis, Proteus mirabilis, Proteus mor - 
ganii Proteus vulgaris, Providencia rettgeri, Providencia 
stuartiL Pseudomonas aeruginosa. Salmonella paratyphi. 
Salmonella typhi Serratia marcescens. Shigella sonnet 
35 Yersinia enterocolitica ), including anaerobic bacteria 
(e.g., Bacteroides fragilis, Clostridium difficile . Clostrid- 
ium perfringens, Eubacterium lentum, Fusobacterium 
nucleatum, Propionibacterium spp, peptostreptococci. 
Veillonella spp.). 

40 Especially, high anti-Gram-negative potency, high 
absorption, excretion, distribution, and the like are re- 
markable. As a medicine for preventing or treating a 
bacterial infection. Compound (I) is administered 
orally, parenterally, or topically at a daily dose of 10 
45 micrograms to 6 grams, if required formulating with 
conventional additives or coacting substances, e.g., 
other antibacterials. 

They are useful as bacteriocidal, bacteriostatic, disin- 
fecting. or antiperishable agents and useful for treating 
50 or preventing human, veterinary, or poultry infections 
caused by sensitive Gram-positive bacteria or Gram- 
negative bacteria, including anaerobic bacteria. Fur- 
ther, they are useful as bacterial growth inhibitors on 
human, animal, plant, or perishable subjects, human or 
55 animal growth promoting additives in foodstuff, or as 
an agents for testing sensitivity of bacteria to the anti- 
bacterial (I). 

Protected compounds (I) are also useful as starting 
materials for synthesizing other antibacterials (I). 

60 This invention also provides a method for treating or 
preventing human or veterinary bacterial infections 
(e.g., abscess, bronchirs, denr.-'titis, ear infections, em- 
pyema, enteritis, gastroenteritis, nasopharyngitis, osteo- 
myelitis, pneumon : tis, pneumonia, pustulosis, pyelone- 
65 phritis, respiratory tract infections, rhinitis, septicemia, 
tonsillitis, ulceration, urinary tract infections, wound 
and soft tissue infections) caused by sensitive bacteria 
by administering an effective amount of Compound (I) 
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at a typical daily dose of 10 micrograms to 1 gram 
externally. 0.2 to 5 grams intravenously, or 0.1 to 2 
grams orally at an interval of 3 to 12 hours depending 
on the infecting bacteria and condition of the patient, if 
required formulating with a conventional additive. 

Compound (I) as carboxylic acid or its light metal salt 
can be injected or infused intravenously, intramuscu- 
larly or subcutaneously (as e.g., injection. ~eJ?et), or 
give orally (as oral preparations. e.g., capsule, dry 
syrup, emulsion, granules, powder, solution, suspension, 
tablet, troche), if required in admixture with an excipi- 
ent (e.g., emulsifying agent). A pharmacological ester 
can be given intravenously, intramuscularly, subcutane- 
ously. orally, externally, or topic? !ly (as e.g., ear, nasal. 


This invention also provides Carboxyalkenotc acid 
(10) useful as an intermediate for preparing the said 
Compound (I> 


RCCOOR 6 
CR l — R 2 — COOR 5 


(wherein R, and R 1 to R 6 are as defined for Compound 
10 (I)). 

In the formula above, examples of the preferred R are 
phenyl, thienyl, aminoisoxazolyl, thiadiazolyl, amino- 
thiadiazolyl. and aminothiazolyl, said amino can be 
protected with benzyloxycarbonyl, methylbcnzylox- 


or ocular drug, ointment, inhalant, -/ijection, pap prepa- 15 ycarbonyl, t-butoxycarbonyl, methoxyethoxymethyl. 


ration, spray, suppository). 

When R is 2-anrno-4-thiazolyI, R 2 is methylene, R 1 , 
R 3 . R 4 , and R 6 are hydrogens, and R 5 is hydrogen, 
methyl, methoxymethyircarbamoyJoxymethyl, ir.-thyl- 


formyl, chloroacetyl, benzylidenc, dimethylaminome- 
thylidene, or the like; preferably R* is hydrogen; prefer- 
ably R 2 is 1 to 3C optionally branched alkylene, espe- 
cially methylere; and examples of preferably R 3 and R 6 


thiomethyl, cyanomethylthiomethyl, vinyl, fluoro- 20 are the same or different groups selected from hydro- 


propenyl, methoxy, chlorine, fluoroethyhhio, or tri- 
fluoroethylthio. Compound (I) is absorbed orally as 
well as subcutaneously. Its pharmaceutically acceptable 
esters are also absorbed through the digestive organs. 

Further, this invention provides an antibacterial phar- 25 
maceutical composition containing Compound (I) in 
various enteral or parenteral dosagr forms solely or in 
admixture with carriers or coacting substances. The 
compositions may contain 0.01 to 99% of Compound (I) 


gen, methyl, ethyl, t-butyl, trichloroethyl. benzyl, meth- 
ylbenzyl, diphenylmethyl, trityl, and the like. 

Compounds of this invention can be synthesized, for 
example, by the following methods: 

(1) Salt Formation 

Compound (I) having carboxy or the cephem nucleus 
at position 4 or in the 7-substituent can form a light 
metal salt (I) by reacting with a base or by an exchange 


dissolved, dispersed, or suspended in solid or liquid 30 reaction with the corresponding light metal salt of other 


pharmaceutical carriers. 

The compositions may be solid preparations (e.g., 
capsule, dry syrup, granule, pellet, pill, powder, suppos- 
itory, troche, tablet) or liquid preparations (e.g., disper- 
sion, elixir, emulsion, inhalant, injection, ointment, sus- 
pension, syrup, solution from ampoule or vial contain- 
ing crvstaJs, lyophilized material, or powder). They can 
be flavored or colored, and capsules, granules, and 
tablets may be coated. They can be in a unit dosage 
form. 

The carriers are harmless to both the Compound (I) 
and patients. Representative examples of such carriers 
are, among others, for solids, binders (e.g., acacia, car- 
bcxymethylcellulose, gelatin, glucose, polyvinylpyrrol- 
idone, sodium alginate, sorbitol, starch, syrup, traga- 
canth), bulking agents (e.g., bentonite, calcium carbon- 
ate, calcium phosphate, glycine, kaolin, lactose, poly- 
carboxymethylene, salt, sorbitol, starch, sugar, talc), 
diluents (e.g., calcium carbonate, kaolin, lactose, starch. 


carboxylic acid. The procedure enn be that conven- 
tional in the art, e.g.. by neutralizing the free acid (with 
a base, e.g., light metal hydroxide, carbonate, or hydro- 
gen carbonate) and evaporating the solvent, or by treat - 
35 ing with light metal lower carboxylate in a polar or- 
ganic solvent (e.g., alcohol, ketone, ester) and then 
adding a sparingly dissolving less polar solvent to sepa- 
rate the salt. The solvent may removed by filtering. 

^ (2) Deprotection of Carboxy- Protecting Groups Etc. 

A protec ted -car boxy in Compound (I) can conven- 
tionally be deprotetied, for example, as follows: 

(a) A highly reactive ester or anhydride as a carboxy- 
protecting group can be deprotected by contacting in 
45 an aqueous solvent with an acid, base, buffer solution, 
or ion exchange resin. its reactivity is insufficient, 

one can increase it in a conventional manner to de- 
protect more easily (e.g., by activating of a trichloro- 
ethy! ester with metal and acid; p-nitrobenzyl este' with 


sucrose), disintegrators (e.g., agar, carbonates, sodium 50 hydrogen and catalyst (e.g., palladium, nickel), dithion- 


laurylsulfttte, starch), lubricants (e.g., boric acid, cacao 
oil, magnesium stearate, paraffin, polyethylene glycol, 
silica, sodium benzoate, stearic acid, talc), and wetting 
agents (e.g., bydroxypropyl cellulose;; for solutions. 


ate, oi me^al and acid; and phenacyl ester with irradia- 
tion). 

(b) An aralkyl ester can be deprotected by a conven- 
tional catalytic reduction with hydrogen in the presence 


solvents (e.g., alcohol, buffer, methyl oleate, peanut oil, 55 of a catalyst (e.g., platinum, palladium, nickel). 


sesame oil, water), emulsifying agents (e.g., acacia, le- 
tnicin, sorbitan monooleate), suspending agents (e.g., 
aluminum stearate gel, carboxy methyl cellulose, gela- 
tin, glucose, hydrogenated fats, hydroxyethylcellulose, 
methyl cellulose, sorbitol, sugar syrup), buuers, dispers- 
ing agents, and solubilizing agents; and for both, preser- 
vatives (e.g., methyl or ethyl p-hydroxy benzoate, sorbic 
acid), absorption promoters (e.g., glycerin mono- or 
di-octanoate), antioxidants, aromatic substaces, analge- 


sics, edible coloring agents, stabilizing agents, and the 65 substituted 


(c) An aralkyl, cyclopropylmethyl. suifcnylethyl, or 
the like ester can be deprotected by solvolyzing [with a 
mineral acid, Lewis acid (e.g., aluminium chloride, tin 
chloride, titanium tetrachloride), sulfonic acid (e.g., 
methanes ulfcnic acid, trifluoromethanesulfonic acid), 
strong ctvrbcxylic acid (trifluoroacetic acid), or the 
like], if required in the presence of a cation scavenger. 

An amino-protecting group is. Compound (I) can 
conventionally be deprotected, for example, as follows: 


tetrahydropyranyl), aralkyl 


All of above pharmaceutical preparations can be 
prepared in conventional manner. 


group (.g., trityl), alkylidene, aralkylidene, alkanoyl 
(e.g. formyl), trialkylsilyl, trialkylstannyl, or the like 
can be deprotected with an aqueous or nonaqueous 
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acid; an alkoxyfonnyl (e.g.. t-buloxy carbonyl), aralk- 
oxyformyl (e.g.. benzyloxycarbonyl. methylbenzylox- 
ycarbonyl), araJky) (c.g., trityl), or the like can be de- 
protected with a Lewis acid in the presence of an acid 
scavenger, haJoalkoxycarbonyl (e.g., thchloroethyl, 
iodoethoxycarbonyl), aralkoxy carbonyl (e.g., benzylox- 
ycarbonyl), or the like can be deprotect ed by reduction; 
and phenylthio or acyl (e.g., alkanoyl. succinyl, phthal- 
oyl) can be deprotected with a base. 

Deprotection of other protecting groups for hydroxy 
or the like functional groups in Compound (I) can be 
carried out according to methods well known in the 
field of penicillin and cephalosporin chemistry as de- 
scribed in various scientific and patent publications. 

(3) Amidation 


r — c — COOH 



COOR 6 


8 

mine ester (e.g. N-hydroxysuccinimide ester, N-hydrox- 
yphthalimide ester), thioester (e.g., aralkyl thiol ester, 
heterocyclic thiol ester) or the like), or reactive amide 
[aromatic amide (amide with e.g., imidazole, triazole, 
5 2-ethoxy-1.2-dihydroquinohne), diacylanilide). The 
acid scavenger to be used with the said derivative is. for 
example, inorganic base (e.g., oxide, hydroxide, carbon- 
ate, hydrogen carbonate, of alkali metal or alkaline 
earth metal, etc.), organic base (e.g., tertiary amine, 
10 aromatic base), oxirane, (e.g., alkylene oxide, aralkylene 
oxide), pyridinium salt (e.g., tripyridiniumlriazine tri- 
chloride), adsorbent (e.g., Celite), or the like. 

(4) Introduction of 3-Function 

15 Compound (I) having 3-nucleophile substituted- 
methyl can be prepared by reacting an analog of Com- 
pound (I) having a leaving group-substituted methyl at 
the 3 position on the cephem ring with a heterocyclic 
thiol, aromatic base, or its reactive derivatives. Here, 
20 the leaving group can be, among others, halogen, sul- 
fonyloxy, alkanoyloxy, dihaloalkanoyioxy, trihaloace- 
toxy, or the like. The said reactive derivative of thiol 
can be, among others, alkali metal salt, ammonium salt, 
car boxy late ester, or the like. The reaction can be car- 
2 ^ ried out well in a dry or wet solvent at 0* C. to 60* C. 


Hi) 



A conventional reaction of Amine (II) or its reactive 
derivative with Carboxylic acid (III) or its reactive 
derivative gives Compound (I) or its derivatives. 

The reactive derivative of Amine (II) is that having 
7-amino activated by silyl (e.g., trimethylsilyl, methox- 40 
ydimethylsilyl, t-butyldimethylsilyl), stannyl (e.g., tri- 
methylstannyl), alkylene (as a part of enamino of the 
amino with e.g., aldehyde, acetone, acetylacetone, ace- 
toacetate, acetoacetonitrile, acetoacetanilide, cyclopen- 
tanedione, acetylbntyrolactone), alkylidene (e.g., I- 45 
haloalkylidene, 1-haloaraikylidene, 1-alkoxyalkylidene, 

1 -alkoxyaralkylidene, I -alkoxy- 1 -phenoxyalkylidene, 

alkylidene, aralkylidene), acid (e.g., mineral acid, car- 
boxylic acid, sulfonic acid as a salt of the amino), easily 
removable acyl (e.g., alkanoyl), or the like, or that pro- 50 
tected at other functions of the molecule. 


This reaction can be promoted with a dehydrating rea- 
gent, phosphoryl chloride compound, rhodanate, or the 
like. 

Compound (I) having 3-acyloxymethyl (e.g., al- 
kanoyloxymethyl, carbamoyloxy methyl) can be made 
from the corresponding 4-protected car boxy- 3-bydrox- 
ymethyl-3-cephem derivative by the action of an acylat- 
ing reagent for introducing the corresponding acyl 
group. 

Compound (I) having no carbon linked to the 3-posi- 
ton can be made from the corresponding 3*hydroxy-3- 
ccphem or its oxo form, frr example, by activating the 
3-hydroxy (e.g., acylating or h 1 >genating). and then 
substituting it with a nucleophilic reagent to give a 
3-nucleophile substituted compound; a basic or thermal 
elimination reaction of *he corresponding 3-(hydroxy, 
acyloxy, or halo)cepham compounds or a reduction of 
3-(acyloxy or halo)-3-cephem compounds to give a 
3-hydrogen-3-cephem compound; or the like conven- 
tional 3-modification. 

(5) Isomerization at the 7-side chain double bond 

RCCONH— ^ RCCONH — 

tl ^ ^ II 

Rkxx:— r 2 -cr* cr 1 — r 2 — co^r 3 


Free acid (III) is reacted in the presence of a condens- 
ing reagent [carbodiimide (e.g., N. N'-diethylcarbodii- The said geometric isomers are interconvertible by 

midc, N,N # -dicyclohexylcarbodiimide), carbonyl com- isomerization. This reaction is preferably carried out in 
pound (e.g., carbonyl diimidazole), isoxazolinium salt, 55 a protic solvent by the action of acid, base, or light. The 
acylamino compound (e.g., 2-ethoxy- l-ethoxycarbonyl- acid can be a mineral acid (e.g., hydrochloric acid, 

1,2-dihydroquinoline), etc.). sulfuric acid, phosphoric acid), carboxylic acid (e.g.. 

The reactive derivative of Carboxylic acid (III) can formic acid, trill uoroacetic acid), sulfonic acid (e.g., 

be an acid anhydride, e.g., symmetric anhydride or methanesulfonic acid, benzenesulfonic acid), o r the like, 

mixed anhydride [with mineral acid (e.g., phosphoric 60 Tne base can be inorganic base (e.g., sodium hydroxide, 
acid, sulfuric acid, hydrohalogenic acid, carbonic half sodium hydrogen carbonate, potassium carbonate), or- 
ester), organic acid (e.g., aJkanoic acid.aralkanoic acid,' game base (e.g., triethylam«ne, potassium t-butoxide), or 
sulfonic ac*d), intramolecular anhydride (e.g., ketene, the like. 

isocyanate), etc.], acid halide, reactive ester [enol ester Compound fT) wherein R 2 is 1 to 3C alkylene easily 

(e g., vinyl ester, isopropenyl ester), aryl ester (e.g., 65 isomerizes under various conditions, 
phenyl ester, haJophenyl ester, nitrophenyl ester), hever- In a typical condition. Compound (I) as free carbox- 

ocyclic ester (e.g., pyndyl ester, benzotriazol y lestcr), ylic acid is dissolved in water at pH 8, acidified to pH 0 

an ester with N-hydroxy compound, diacylhydroxyla- to 1, kept at 0* C. to 100* C. for 1 to 10 hours to obtain 
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an epimic mixture. Thermally stable isomer is in trans 
form. Usual separation (e.g., crystallization* precipita- 
tion. high precision liquid chromatography* adsorption 
and elution) gives the geometric isomers in a pure form. 

(6) Other Synthetic Methods 

(a) Sulfoxide formation— Cephem Compound (I) is 
conventionally oxidized with an oxidizing reagent (e.g. ; 
hydrogen peroxide, percarboxylic acid, iodobenzene 
dichloride) in an inert solvent at 0* to 60* C. for 0.2 to 10 
5 hours to give the corresponding Cephem- 1 -oxide (I). 

(b) Sulfoxide reduction — Cephem- 1 -oxide compound 
(I) is reduced conventionally with a tri valent phospho- 
rus compound* lower valent metal compound hydro- 
gen iodide, or the like in an inert solvent at 0 r Co 30* C. 15 
for 0.1 to 10 hours giving the corresponding Cephem 
compound (1). 

(c) Double bond migration — The 2-double bond of 
the corresponding 2 -cephem compound is convention- 
ally migrated with base at 0* to 80* C. for I to 10 hours 20 
to give 3-Cephem compound (I). 

(d) Ring closure — Compound (I) may be synthef ized 
by a conventional ring closure reaction forming a heter- 
ocyclic R group in a manner analogous to those de- 
scribed above under the section of (7) Synthesis of the 2 
side chain acids. 

(7) Synthesis of the Side Chain Fragment Acids 

The 7-side chain acids are novel compounds prepared ^ 
by Wittig type reaction of Formylacetate (IV) or its 
enol or acetal with Alkylidenetriarylphosphorane (V) 
by heating, e.g.. at 30* C. to 120* C. for 1 to 10 hours, to 
give Nonconjugated ester (VI) the double bond of 
which migrates to give Conjugate ester (VII): ,, 


RCHCOOR 6 - 

| Ph3P=CHR 20 COOR J 

CHO (V, 

(IV) 


RCHCOOR 6 

CH=CHR 20 COOR 3 


RCOCOOR 6 ■ > RCCOOR 6 

PhaP=CR J -R J COCR 3 II 45 

CR 1 — R 2 — COOR 3 

(VMI) (VII) 

(wherein and R 20 is alkylene or a single bond; or of 
Oxalate (V A II) with Alkylidenetriarylphosphorane 50 
(IX), e.g., at 30* C. to 120* C. for I to 10 hours to give 
Conjugate ester (VII). 

Alternatively, it is produced by a ring closure of 
Haloacetylcarboxylic acid (X) with optionally N- 
protected thiourea (XI) in alcohol at 30* C. to 90* C. for 55 
1 to 5 hours giving Aminothiazole ester (XII): 


"COC— COOR 6 

CR'-RkXTOR 3 NHjCSNHR 21 


CCCCR 6 

I! , , 

CR 1 — R 2 — COOR 3 65 


(wherein R 21 is hydrogen or amino protecting group) 
When R 3 and/or R 6 of Conjugated acid (VII) or (XII) is 
carboxy protecting group, it may be deprotected 
conventionally by treating with acid, base, Lewis 
acid and cation scavenger, hydrogen and catalyst, or 
the like to give the corresponding free acid, prefera- 
bly in an inert solvent at —60* C. to 100* C. for 1/6 
to 10 hours. 

Representative synthesis of the side chain carboxylic 
> acids are given under the section of preparations. 

(8) Reaction Conditions 

The said reactions (1) to (7) can usually be carried out 
at —60* C. to 120* C., preferably at —20* C. to 80* C. 

' for 10 minutes to 10 hours depending on the type of 
reaction. These are done in a solvent. Othei conven- 
tional conditions (e.g., stirring, shaking, inert gas seal- 
ing, drying) may be used. 

Examples of typical reaction solvents are hydrocar- 
1 bons (e.g., pentane, hexane, octane, benzene, toluene, 
xylene), halohydrocarbons (e.g., dichiororoethane, 
chloroform, carbon tetrachloride, dichloroethane, tri- 
chloroe thane, chlorobenzene), ethers (e.g., diethyl 
ether, methyl isobutyl ether, dioxane* tetrahydrofuran), 
ketones (e.g., acetone, methyl ethyl ketone, cyclohexa- 
none), esters (e.g., ethyl acetate, isobutyl acetate, 
methyl benzoate), nitrohydrocarbons (e.g., nitrometh- 
ane, nitrobenzene), nitriles (e.g., acetonitrile, benzoni- 
trile), amides (e.g., formamidc. acetamide, dimethyl- 
formamide, dimethylacetamide, hexamethylphosphoro- 
triamide), sulfoxides (e.g., dimethyl sulfoxide), carbox- 
ylic acids (e.g., formic acid, acetic acid, propionic acid), 
organic bases (e.g., diethylamine, triethyl amine, pyri- 
dine, picoline, collidine, quinoline), alcohols (e.g., meth- 
anol, ethanol, propanol, hexanol, octanol, benzyl alco- 
hol), water, and other industrial solvents and mixtures 
thereof. 

(9) Work Up 

The products can be obtained from a reaction mixture 
by removing contaminants (e.g., solvents, unreacted 
starting materials, by-products) by a conventional 
method (e.g., extracting, evaporating, washing, concen- 
trating. precipitating, filtrating, drying), and isolating 
the product by a usual work up (e.g., adsorbing, eluting, 
distilling, precipitating, separating, chromatographing), 
or a combination of saiJ procedures. 

(10) Oral Availability 

Some compounds (I) having methylene as R 2 are 
absorbed well through the digestive argons and arc 
available as oral cephalosporins. Especially efficient are 
those having 2-aminothiazol-4-yl as R. hydrogen as R 3 
and R 6 , and hydrogen, vinyl, cyanovinyl, trifluoro 
propenyl, a cetoxy methyl, carbamoyloxymethyl, or 
thiadiazolylthiomcthyl as R 3 and salts of these. It is to be 
noted that compounds (I) having t single bond, dimetb- 
ylene, or trimethylene as R 2 or thai having no carbox- 
ylic 7beta-side chain are practically unabsorbed enter- 
ally. A compound having amino in R can form a salt by 
mixing with an acid, e.g., mineral acid (e.g. HC1), car- 
boxylic acid (TFA). 

EXAMPLES 

Following examples illustrate the embodiments of 
this invention. 

In the Examples, “part” shows part by weight and 
* 'equivalent** shows molar equivalent of the beta-lactam 
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starting material. Symbols “cis” and **trans" show rela- 
tive position of amido and carboxylic substituents at- 
taching to the side chain doubie bond. Physicochemical 
constants of the products are summarized in Tables in 
which IR shows cm * 1 value, NMR shows $- value, and 5 
J value shows coupling constants in Hz scale. In NMR 
of a geometric isomer mixture, signals splitting irto two 
or more are shown by chemical shifts separating with 
comma and splitting number and **X*’ before multiplic- J0 
ity mark. 

Usually the reaction mixture is, if required after add- 
ing a solvent (e.g., water, acid, dichloromethane), 
washed, dried, and concentrated, and the product is 
separated. All concentrations are done in reduced pres- IS 
sure. (Abbreviations) AOM = acetoxymethyl; BH — di- 
phenylmethyl; Bu = butyl; BOC=t-butoxycarbonyl; 

Bzl = benzyl; Cbz = benzyloxycarbonyl; circle in a het- 
ero ring of the structural formula — the ring is aromatic; 
exo — 3,4-double bond position isomer in the 7-side 20 
chain acyl; Me = methyl; MEM = methoxyethox- 

ymethyl; Ph = phenyl; PMB = p-ruethoxybenzyl; 

PNB=rp-nitrobenzyl; and POM =spivaloyloxymethyl. 

EXAMPLE 1 (Sodium salt) 25 

(1) A solution of carboxylic acid '1) in Table 2 (1 g) 
in aqueous 0.5% sodium hydrogen carbonate (6 ml) 
adjusted to pH 7 with hydrochloric acid is washed with 
ethyl acetate, desalted, and poured into a 10 ml vial. 30 
This is lyophilized conventionally to give the corre- 
sponding sodium salt ( 2 ) as powder. 

( 2 ) Similarly, to a suspension of carboxylic acid (I) (1 
g) of Table 2 in water is added aqueous sodium carbon- 
ate to make a solution of pH 6.5. The solution is desalted 35 
and poured into 10 ml vials, and lyophilized to give a 
sodium salt preparation same to above. 

(3) The sodium salt (1 g) produced under sterile con- 
dition is dissolved in sterile water (4 g) and is given 
twice a day orally or intravenously to a patient suffering 40 
from Staphylococcus aureus infection for treating said 
disease. 

(4) Each one of the carboxylic acids on Table 2 are 

dissolved in aqueous sodium hydrogen carbonate and 45 
assayed as the sodium salts for MIC by the standard 
method of Japan Society of Chemotherapy to give val- 
ues of 3.1 to 0.2 microgram/ml against Streptococcus 
pyogenes C-203 and 0.8 to 0.025 microgram/ml against 
Escherichia coli H. 50 

EXAMPLE 2 (Amidation) 

A 7-beta-amino compound (2) (1 equivalent) is 
treated with carboxylic acid corresponding to the 7- 
beta-side chain (3) or its reactive derivative to give 55 
anide ( 1 ), for a method as exemplified below: 
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-continued 



(1) In a mixture of dichloromethane (10 volumes). 
2 -ethoxy - 1 -ethoxycarbonyl- 1 , 2 -dihydroquinoline ( 1 . 1 
equivalents) N.N'-dicyclohexylcarbodiimide ( 1.1 equiv- 
alents), pyridine (1.5 equivalents), and carboxylic acid 
(3) (1.1 equivalents), stirred for 1 to 6 hours at 0* C. to 
room temperature. 

(2) In a mixture of ethyl acetate (10 volumes), di- 2 - 
pyridyl disulfide ( 1.1 equi talents), triphenylphosphine 
( 1.1 equivalents), and carboxylic acid ( 3 ) ( 1.1 equiva- 
lents), stirred for 2 to 6 hours at 10* to 50* C. 

(3) In a mixture of dichloromethane (3 volumes), 
1,3,5-tripyridiniumtriazine trichloride (4 equivalents), 
and carboxylic acid (3) (1.1 equivalents), stirred for 1 to 
5 hours at — 10 * to 10 * C. 

(4) In a mixture of carbon tetrachloride (30 volumes), 
4-methylmorpholine (1.5 equivalents), trisdiethylamino- 
phosphine ( 1.1 equivalents) and carboxylic acid ( 3 ) ( 1.1 
equivalents), kept at —20* to 10* C. for I to 5 hours. 

(5) In a mixture of chloroform (10 volumes) and di- 
methoxyethane (10 volumes), triethylamine ( 1.5 moles), 
and a mixed anhydride of carboxylic acid ( 3 ) and isobu- 
toxyformic acid, stirred at a temperature between — 5 * 
to 10* C. over a 30 minutes and 6 hours time. 

( 6 ) In a mixture of ethyl acetate (10 volumes), 1.2- 
dichloroethane (10 volumes), 4-methylmorpholine ( 1.5 
equivalents), and the symmetric anhydride of carbox- 
ylic acid (3) (1.1 equivalents), refluxed for 10 minutes to 
2 hours. 

(7) In a mixture of dichloromethane (10 volumes), 
pyridine (1.5 equivalent*), and mixed anhydride of car- 
boxylic acid (3) and methanesulfonic acid (1.1 equiva- 
lents), stirred for 1 to 3 hours at between —70* C. and 
room temperature. 

( 8 ) In a mixture of ethyl acetate (10 volumes), pyri- 
dine (1.5 equivalents) and a mixed anhydride of diethyl 
hydrogen phosphate and cerVjxylic acid (3) (1.5 equiv- 
alents), stirred at 0* C. to 10* C. for 1 to 5 hours. 

(9) In a mixture of ethyl acetate (10 volumes), dichlo- 
romethane (10 volumes), N-methylmorpholine ( 1 <. ^uiv- 
aJent), and mixed anhydride of carboxylic acid ( 3 ) and 
dichlorophosphoric acid (1.1 equivalents). Stirred for 1 
to 3 hours at 0* C. to room temperature. 

(10) In a mixture of lutidiiie (1.5 equivalents), dichlo- 
romethane (10 volumes), and the mixed anhydride ( 1.1 
to 2 equivalents) of carboxylic acid (3) and monochJoro- 
phosphoric acid dimethylamide, stirred for 1 to 4 hours 
at 0* to 30* C. 


HjN ? - X 

xr a. 


X — C— COOH 

. R J COOR 1 
02 > 


COOR 6 


( 2 ) 


(11) In a mixture of dichloromethane (5 volumes), 
trifluoroacetic anhydride (1.5 equivalents), pyridine (3 

60 equivalents), and carboxylic acid (3) (1.5 equivalents), 
stirre d for 1 to 5 hours at 0* to room temperature. 

(12) In a mixture of dichloromethane (10 volumes), 
bromide of diethyl hydrogen phosphate (1.2 equiva- 
lents), 4-methylmorpholine (2.5 .equivalents), and car- 

65 boxyiic acid (3) (1.2 equivalents), stirred for 1 to 3 hours 
rt 0* C. to room temperature. 

(13) Amine (2) having carboxy at position 4 of the 
cephem ring is dissolved in aqueous (10 volumes) so- 
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dium hydrogen carbonate (2.5 equivalents). Carboxylic (28) In a mixture of dichlcrometh&ne (10 volumes), 

acid (3) chloride (1.1 equivalents) is dropwise added dimethylformamide (5 volumes)* N.N'-dicyclohexycar- 

t hereto. The mixture is kept at — 5* C. to room tempera* bodiimide (1.1 eauivalents), pi co line (1.2 equivalents), 

lure for 30 minutes to 2 hours. and carboxylic acid (3) (1.1 equivalents), reacted for 2 

(14) Amine (2) having car boxy at position 4 of the 5 hours to 24 hours, 
cephem ring is treated with trimethylsilyl chloride and (29) To a solution of 7~amino-3-( 1 -methyl- 5- tet- 
triethylamine (1.2 equivalents each), and then treated razolyl)thiomethy)-3-cephem-4-carboxylic acid diphe- 

with pyridine (4 equivalents) and carboxylic acid O) nylmethyl ester in dichloromethane (50 pans) contain- 

chloride (1.1 equivalents) at —30* C. for between 30 ing 2 -(2-ben2yIoxycarbonamido-4-thiazolyl)-4* ben- 

mi rutes and 2 hours, and then the resulting silyl ester is 10 zyIoxycarbonyl-2-butenoic acid (1 equivalent) is added 


hydrolyzed with acid. 

(15) In a solution of picoline (4 equivalents) and car- 

boxylic acid (3) chloride (1.2 equivalents) in dichloro- 
methane (20 volumes) stirred at 0* C. to — 30* C. over 
30 mirutes and 2 hours. 15 

(16) In a mixture of dimethylformamide (2 volumes) 

and ethyl acetate (10 volumes), stirred with triethylam- 
ine (1.1 equivalents) and carboxylic acid (3) chloride 
(1.1 equivalents) at 0* C. to 20* C. for between 30 min- 
utes and 3 hours. 20 

(17) In a mixture of dichloromethane (30 volumes), 
cyanuric chloride (1.1 equivalents), pyridine (4 equiva- 
lents), and carboxylic acid (3) (1.1 equivalents), stirred 
for 5 minutes to 2 hours at —30* C. to 10* C. 

(18) In a mixture of dichloromethane (3 volumes), 25 
phosphorus oxychloride (1.1 equivalents), triethyl&mine 
(1.5 equivalents), and carboxylic acid (3) (I I equiva- 
lents), stirred for 20 minutes to 2 hours at — 10* C. to 10* 

C. 

09) Amine (2) is treated with trimethylsilyl chloride 30 
and an acid scavenger to obtain the corresponding N- 
trimethylsilyl compound, and this is treated with phos- 
phorus oxychloride (1.5 equivalents), carboxylic acid 
(3) (1.2 equivalents), and dimethylaniline (4 equivalents) 
in uichloromethane (5 parts) for 30 minutes to 2 hours at 35 
0* C. to room temperature. 

(20) In a mixture of dichloromethane (8 volumes), 

thionylchloride (1.5 equivalents), pyridine (2.5 equiva- 
lents), and carboxylic acid (3) (1.1 equivalents), stirred 
for I to 5 hours at — 30* to 0* C. 4C 

(21) In a mixture of chloroform (3 volumes), toluene 
(1 volume), picoline (2 equivalents), o:;alyl chloride (1 
equivalent), and carboxylic acid (3) (1.1 equivalents), 
stirred for 10 minutes to 2 hours at —50* C. to 10* C. 

(22) In a mixture of dichloromethane (20 volumes). 45 
pyridine (3 equivalents), and benzotriazolvl ester of 
carboxylic acid (3) (3 equivalents), stirred for 5 to 30 
hours at 10* to 50* C. 

(23) In a mixture of dichloromethane (20 volumes), 

2 -ethoxy- 1 -methox year bon yl- 1,2-dihyriroquinoline (2.5 50 
equivalents) and carboxylic acid (3) (2 equivalents), 
stirred at room temperature for 1 to 15 hours. 

(24) In a mixture of dioxane (10 volumes) and 

phthalimido ester of carboxylic acid (3) (2 equivalents), 
stirred for 2 to 8 hours at 10* to 50* C. 55 

(25) In a mixture of methyl isobuty] ketone (10 vol- 
umes) and succinimido ester of carboxylic acid (3) (1.5 
equivalents), stirred for 2 to 9 hours at o* to 40* C. 

(26) In a mixture of carbonyldiimidazole (1.1 equiva- 
lents), tetrahydrofuran (10 volumes), dimethylac^tam- 60 
ide (5 volumes), and carboxylic aei' J (3) (1.1 equiva- 
lents), stirred for 1 to 5 hours at 0* C. to room tempera- 
ture. 

(27) In a mixture of dimethylformamide (5 volumes), 
dimethylaniline (1.3 equivalents), carboxylic acid (3), 65 
and the Vilsmeyer reagent made from dimethylformam- 
ide (1.1 equivalents), stirred at room temperature for 1 

to 5 hours. 


N,N'-dicyclohexylcarbodiimide (1 equivalent). After 
stirring for 2 hours at room temperature, the mixture is 
concentrated. The residue is triturated in ethyl actate, 
filtered to remove solid, and purified by column chro- 
matography to give 7-[2-(2-benzyloxycarbonylamino-4- 
thiazolyI)-4-benzy loxycarbonyl-2-butenoylcminoJ-3-( 1 - 
methyl- 5-tetrazol yl )thiomcthyl - 3-cephem-4-carbox y lie 
acid diphenylmethyl ester. Yield. 90%. 

(30) To a solution of 7-amino-3-p>yridiniomethyl-3- 
cephem-4-carboxyiic acid chloride hydrochloride in a 
mixture of water (10 parts) and dioxane (15 pans) are 
added at 0* C. sodium hydrogen carbonate (2 equiva- 
lents). 2-(2-benzyloxycarbonylamino-4-thiazolyl)-4 - 
benzyloxycarbonyl-2-butenoic acid (1.2 equivalents), 
1-hydroxybenzotriazole (1.2 equivalents), N,N'-dicy- 
clohexylcar bodiimide (1.2 equivalents), and dioxane (5 
parts) at 0* C. After stirring at 0* C. for 3.5 hours, the 
mixture is acidified with lN-hydrochlonc acid (5 pans) 
and filtered. The filtrate and acetone (50 parts) washing 
of the solid are combined, purified by silica gel chroma- 
tography, and lyophilized to give 7-[2-{2-benzyloxycar- 
bo n ylamino-4-thi azol y 1 )-4-benz ylox y carbon yl - 2- 
butenoylamino]-3-pyridiniummethyl-3-cephem -4-car - 
boxylate. Yield: 50.8%. 

EXAMPLE 3 (Carboxy- Deprotection) 

(1) A solution of a t-butyl, p-methoxy benzyl, or di- 
phenylmethyl ester of T**ble I in a mixture of dichloro- 
methane (0.3 to 3 parts), trifiuoroacetic acid (0.3 to 3 
parts), and anisole (0.5 to 5 parts) is stirred for 10 min- 
utes to 3 hours at between — 10* and 40* C. The solution 
is concentrated to remove the solvent and reagent. The 
residue is washed with benzene or ether to give the 
corresponding acid in 70 to 90% yield. 

(2) To a solution of a t-butyl, benzyl, p*methylbenzyl. 
p-mcihoxybenzyl, or diphenylmethyl ester listed in 
Table 1 in a mixture of dichloromethane (5 to 9 parts) 
and anisole (2 to 8 parts) is added aluminum chloride, tin 
tetrachloride, or titanium tetrachloride (3 to 12 equiva- 
lents) at between — 10* and 10* C. t and the mixture is 
stirred for 1 ;o 24 hours. The mixture is washed with 
diluted hydrochloric acid and water, dried and concen- 
trated to give the corresponding free acid in 80 to 95% 
yield. t-Butoxycarbonylamino, N-t-butox y carbon y J -N- 
roethoxyethoxymethylamino, or bcnzyloxycar- 
bonylamino gTO up when present, is deprotected tc give 
amino group. 

(3) To a solution of a t-butyl, benzyl, p-methylbenzy 1 , 
p-methoxybenzyl, or diphenylmethyl ester listed on 

1 are added 90% formic acid (5 to 6 pans) and 
anisole (2 to 3 parts). The mixture is stirred at 50* to 60* 
C. for 1 to 4 hours to give the corresponding carboxylic 
acid in 40 to 50% yield. 

(4) To a solution of a p-nitrobenzyl ester of Table 1 in 
dichloromethane (60 parts) are added acetic acid (10 
parts) and zinc powder (2 parts). After stirring for 2 
hours at 0* C., the mixture is filtered to remove solid, 
diluted with water, and extracted with dichlorometh- 
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ane. The extract solution is washed with water and 
extracted with aqueous sodium hydrogen carbonate. 
The aqueous layer is washed with hydrochloric acid to 
pH 2, and extracted with dichloromethane. This or- 
ganic layer is washed with water, dried, and vacuum 
concentrated to give the corresponding free acid in 60 
to 80% yield. 

(5) The same ester can be deesterified by shaking with 
hydrogen in the presence of the same amount of 5% 


(2) To a solution of a t-buroxycarbonylammo, ben* 
zyloxycarbonylamino. methylbenzyloxycar- 

bonylamino, methoxyethoxymethylamino, or trityl 
amino compound lifted in Table 1 (1 part) in a mixture 
of dichloromethane (5 to 9 parts) and anisole (2 to 8 
parts) is added aluminum chloride, tin tetrachoride, or 
titanium tetrachloride (3 to 12 equivalents) at between 
■ 1C' and 10* C., and the mixture is stirred for 1 to 24 
hours. Hie mixture is extracted with diluted hydrochlo- 


palladium ci.arcoal in dioxane at room temperature for 10 ric acid and water, the aqueous layer is passed through 
rxv t a column of HP-20 absorbent to give the corresponding 


2 hours. 

(6) To a solution of 7-[2-{2-benzyloxycarbonylamino- 
4-thiazolyl)-4-benzyloxycarbonyl-2-butenoylamino]-3- 
( 1 -methy)-5-tetrazolyJ)thiomethy l-3-cephem-4-car- 


free amino compound listed on Table 1 or 2 in 60 to 
80% yield. A t-butyl, benzyl, p-methylbenzyl, p- 
methoxybenzyl, or diphenylmethyl ester group when 


hoxylic acid diphenylmethyl ester in anisole (12 par*) is 15 present, is depr’otected to give free carboxy. 


added aluminum chloride (9 equivalents). After stirring 
for 4 hours at 0* C.. the mixture is neutralized with 
aqueous 3% sodium hydrogen carbonate, filtered to 
remove solid, and washed with ethyl acetate. Aqueous 


(3) To a solution of a chioroacetamido compound of 
Table 1 in a mixture of tetrahydrofuran (15 parts) and 
methanol (15 parts) are added thiourea or N-methyldi- 
thiocarbamate (4 equivalents) and sodium acetate (2 


ayer is acidified with hydrochloric acid, washed with 20 equivalents). After one night at room temperature, the 


ethylacciaic. and passed through acolumnofHP 2° °r uli *ture b concentrated, diluted with ethyl acetate. 
SP 207 (synthetic adsorbent produced by Mitsubishi washed with saline, dried, and ^ncentrated. The resi- 

Chem.caJ K.K.). Adsorbed marenal u eluted with 80% duc h chromatographed to give the corresponding 

methanol to afford 7-(2-(2-amino-4-thxazolylH-car- amino compound 

25 W To a solution of a formamide. SchifT base, 
omethyl^-cephem-^boxyhc ac.d^ Yield: 65%. silylamino. or tritylamino compound listed on Table 1 

• ^ \ suspens.cn of -[ 2 -( 2 -ben 2 yloxy;ai- in formic acid, acetic acid, or ethanol (10 parts) is added 

h^7nn!ir^ r 0 y ^ y r 1 to 3N-hydrochloric acid (0. 1 to 3 pans), and the mix- 

^tenoylam.no).3-pynd.m u mmethy , -3^hem ; 4-c^- ture is stirred for , tQ 3 hours „ room lefnperature . The 

boxylic acid in anisole (2 parts) is added a solution of 30 r „ ction 


aluminium chloride (9 equivalents) in anisole (2 parts) at 
0* C. After stirring for 3.5 hours, the mixture is acidified 
with 10% hydrochloric acid and washed with ethyl 
acetate. Aqueous layer is passed through a column of 
Diaion HP-20. Adsorbed material is eluted with aque- 35 
ous 5% acetone and the eluate lyophilized to give 7-[2- 
(2-amino-4-thiazolyI)-3-carboxymethylacrylamido]-3- 
pyridiniomethyl-3-cephem-4-carboxylic acid. Yield: 
55%. 

(8) In a manner similar to that of above (I) to (7), a 40 
free carboxy compound of Table 2 are prepared from 
the corresponding carboxy- protected compound of 
Table 1. 

(9) To a solution of diphenylmethyl 7betz-[2-(2-car- 
bobei;zoxyaminothiazol-4-yl)-4-allyloxycarboryl-2- 45 
butenoylamino]-3-cephem-4-carboxylp.te (3.75 g) (5 
mM) in dichloromethane (30 ml) are added 2-ethyIhex- 
anoate (1.5 molar equivalents), triphenylphosphine (0 5 
equivalents), and tetrakistriphenylphosphine-pall&dium 


reaction mixture is concentrated, diluted with dichloro- 
methane, washed with aqueous sodium hydrogen car- 
bonate and water, dried and concentrated. The residue 
is purified in a conventional manner to give the corre- 
sponding free amino compound listed on Table 1 or 2. 

(5) To a solution of a benzyloxycarbonylamino com- 
pound listed on Table 1 in a mixture of ethanol and 
ethyl acetate (30 parts: 1:1) is added 5% palladium char- 
coal (0.5 parts), and the mixture is shaken under hydro- 
gen unt ; l the starting material is consumed. The reaction 
mixture is filtered to remove solid and concentrated to 
give the corresponding amino compound listed on 
Table 1 or 2. 

EXAMPLE 5 (Esterification) 

(R 3 and/or R c = diphenylmethyl) 

(1) To a solution of compound (I) in which R 3 and/or 
R 6 is hydrogen in a mixture of dichloromethane and 
methanol (10 weights each) is added diphenyldiazome- 


complex (125 mg). After stirring for 1 hour at 2 r * C, the 50 thane (2 equivalents). After stirring for 1 hour, the mix- 


mixture is diluted with ether to separate diphenylmethyl 
7beu-[2-(2-carbobenzoxyaminothiazol-4-yl)-4-sodioox- 
ycarbonyl-2-butenoylamino]-3-cephem-4-carboxylate 
in 94% yield. This is suspended in water (10 parts) and 
acidified with aqueous 4% phosphoric acid to separate 55 
diphenylmethyl 7beta-[2-(2-carbobenzoxyaminothiazol- 
4-y l)-4-carboxy-2 -butenoy lamino]-3-cephem-4-ca 
boxvlate. 


ture is washed with hydrochloric acid and water, dried, 
and concentrated. The residue is crystallized from ethyl 
acetate to give the corresponding diphenylmethyl ester. 


EXAMPLE 4 (Amino deprotection) ^ 

(I) A solution of a t-butoxycarbonylamino compound 
listed on Table . 1 in a mixture of dichoromethane (0.3 to 
3 parts), trifluoroacetic acid (0.3 to 3 parts), and anisole 
(0.5 to 5 pvts) is stirred for 10 minutes to 3 hours at 
between — 10* and 40* C. The solution is concentrated 65 
to remove the solvent and reagent. The residue is 
washed with benzene to give the corresponding amino 
compound listed on Table 1 or 2 in 70 to 80% yield. 


35 (R 3 and/or R 6 = POM) 

(2) To a solution of compound (I) wherein R 3 and/or 
R 6 is potassium in N N-dimethylforxuamide (2 to 5 
parts) is added iodomethyl piv&late (1 to 2 equivalents) 
under ice-salt cooling. After 15 minutes to 2 hour’s 

60 stirring, the mixture is diluted with ethyl acetate, 
washed with ice water and aqueous sodium hydrogen 
carbonate, dried, and concentrated in vacuum. The 
residue is recrystallized from ethyl acetate to give the 
pivaJoyloxymethyl ester of the carboxylic acid of Table 
65 3. 

(3) The potassium salt of above section (2) is replaced 
by sodium salt to give the same products under the same 
condition. 


L$S 
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(4) The pivaloyloxymethyl ester of above section ( 2 ) 
(250 mg), corn starch (150 mg), and magnesium stearate 
(5 mg) are mixed, granulated, and encapsulated in a 
conventional manner. This capsule (b 2 to 3 capsules) 
are given orally to treat a patient suffering from infec- 5 
tion % a used by sensitive E, colL 

(R 3 and/or R 6 =AOM) 

(5) In place of iodomethyl pivalate of above (2), iodo- 
methyl acetate is used under the same reaction condi- 10 
tion to give the corresponding acetoxymethyl ester of 
Table 3. 


18 

butenoylamino]~3-cephem-4-carboxylic acid diphenyl- 
methyl ester in 53% yield. 

EXAMPLE 9 (Amine salt) 

To a solution of an amino compound listed on Table 
2 in diluted hydrochloric acid is added acetonitrile. The 
precipitated material is collected by filtration to give 
Ihr cc. /responding hydrochloric acid addition salt in 
good yield. 

PREPARATIONS A PREPARATION OF 
CARBOXYLIC ACIDS 


EXAMPLE 6 (Introduction of 3-substituents) 

(R 3 = H) 15 

(1) To a solution of a compound listed on Tabic 1 and 
having methanesulfonyloxy or chlorine as R 3 in dichlo- 
romethane (13 parts) are added acetic acid (10 part) and 
zinc powder (2.5 pans) and the mixture is heated at 50* 20 
C. for 5 hours. The reaction mixture is filtered to re- 
move solid, diluted with ethyl acetate, washed with 
diluted hydrochloric acid, aqueous sodium hydrogen 
carbonate, and water, dried, and concentrated. The 
residue is purified by silica gel chromatography eluting 25 
with a mixture of benzene and ethyl acetate to give the 
corresponding compound listed on Table 1 or 2 having 
hydrogen as R 5 in 50 to 80% yield. 

(2) Above reaction (1) is carried out at room tempera- 
ture for 5 to 10 hours in the presence of a diluent isopro- 30 
panel (4 pans) to give the same product in 40 to 60% 
yield. 

(3) To a solution of 7beta-[2-(2-benzyloxycar- 

bonylaminoth 1 :izol-4-yl)-4-benzyloxycarb onylbut-2- 

enoylamino]-3-hydroxycephem-4-carboxylic acid di- 35 
phenylmethyl ester sulfoxide in dichloromethane (13 
pans) are added pyridine (6 equivalents) and acetic 
anhydride (6 equivalents). After 13 hours* stirring at 0* 

C.. the mixture is mixed with triethylamine (3 equiva- 
lent s) and stirred for 24 hours. The reaction mixture is 
washed with water, aqueous sodium hydrogen carbon- 
ate, and water, dried, and concentrated to give 7 beta-[ 2 - 
(2-benzyloxycarbonylaniinothiazol-4-yl)-4-benzylor.- 
ycarbonyl-2-butenoylamino]-3-cephem-4-carboxyiic 45 

acid diphenylraethyl ester sulfoxiJe in 40 to 60% yield. 

(R 5 -cyanomcth y I thiometh y 1 ) 

(4) In the manner as given in Preparation B-4 a com- 
pound having broa omethyl as R 5 is treated with so- ^ 
dium cyanociethy! mercapode at —65* C. to 70* C. for 

2 hours to give the corresponding compound listed on 
Table 1 having cyanomethylthiomethyl as R 5 in 50 to 
60% yield. 

EXAMPLE 7 (SuToxide reduction) 55 

In a manner similar to that of Preparation B-4(2) 
using the same ratio of the reagents and solvent, the 
corresponding sulfoxide is reduced to give the ccphem 
(sulfide) compounds of Table 1 . 60 

EXAMPLE 8 (Double bond migration) 

A solution of 7beta-[2-(2-t-but6xycartx>nyI&mino- 
thiazol-4- y 1 )-4-benzy lox y carbony J-2-butenoy lamino]-3- 
chloro-2-cephem-4-carboxylic acid Jiphenylmethyl 65 
ester is reduced according to the method of Example 
"( 1 ) to induce concomitant double bond migration af- 
fording 7beta-[2-(2-aminothiaxolyl-4-y])-4-carboxy-2- 


Preparation A-l 

2 -(2 - Benzy loxy carbon ylaroinot hiazol-4-y 1 )-4-benzy lox- 
ycarbonyl-2-butenoic acid (3) 



CHjCOOCHjPh 

( 2 ) 


N it— C— COOH 

J* JJ CHCHjCOOCH2rh 
CbrNH s 

(3) 

(1) A solution of formyiacetate (1) and benzyloxycar- 
bonylmethyiidenetriphenylphospborane (1.3 equiva- 
lents) in dioxane or toluene (8 parts) is stured for 1 to 6 
hours at 80* to 120* C. After coding, the mixture is 
concentrated, and the residue is purified by silica gc! 
chromatography to give propendicarboxylate ( 2 ). 
Yield: 87%. This is a mixture of 34% cis and 53% trans 
geometric isomers which can be separated after re- 
peated chromatography. 

IR (CHCh) v: 3410, 1730 cm " 1 (trans). 

IR (CHCh) v: 3400, 1730 cm-* (cis). 

( 2 ) 'lot solution of this product ( 2 ) in dichiurometh- 
ane (10 parts) are added anisole (2 parts) and trifluoro- 
acetic acid (2 parts). After stirring for 2 hours, the reac- 
tion mixture is concentrated, and the residue washed 
with ? mixture of ether and hexane to give monobrazyl 
ester of the dicarboxylic acid (3). Yield: 89%. These 
geometric isomers can be separated by chromatogra- 
phy. 

NMR (CDC1 3 — CD 3 OD) 6 : 3.51 (d, J = 7 Hz, 2 H), 
5.13 (s, 2 H), 5.26 (s, 2 H). 7.06 (s, 1 H), 7.0-7.5 (m, 11 H) 
(trans). 

NMR (CDCb— CDjOD): 63.73 (d, MHz, 2 H), 
5.13 (u 2H), 7.10 (s, 1H), 7.0-7.5 (m, 11 H) (cis). 

In a manner similar to that of Preparation A-l, a 
butenoic acid diester listed on Table 4 is prepared from 
the corresponding formyiacetate using the same ratios 
of reactants and solvents at the same ^mperature f or 
the same reaction time. The obtained ester is, if re- 
quired, totally or partially oeesterified using a conven- 
tional reagent, e.g., sodium hydroxide for alkyl esters 
and a Lewis acid (e.g., aluminum, titanium, or tin hal- 
ide) for t-alkyl or aralkyl esters, to give free acids. 
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Preparation A-2 

2 -(2 -Benzy Jox year bony laminothiazol-4-y 1 y 3-benzy lox- 
ycarbonyl-2-prcpenoic acid (3) 

5 



CbzNH 


JCT 


C— COOCHPh 2 

II 

CH 


ioOCH 


2 Ph 


15 


( 2 ) 


N 


C— COOH 

D 

CH 


CbzNH S 
(3) 


ix>OCH 


20 


2 Pb 


OCH 2 OOCCOOCHPh 2 

tf > 

CH 2 CH 2 CH 
COOCH 2 7b 
(3) 


N 


JB 

CbzNH s 


< 4 ) 


-CCOOCHPh 2 

It 

CH 


& 


« 2 
I 

CH 2 COOCH 2 Ph 


> 



CHjOOOCH 2 Ph 

( 5 ) 


(1) A solution of 2-oxoacetate (1) and benzyloxycar- 
bonylmethylidenctriphenylphosphor*ne (1.25 cquiva- 23 
lents) in toluene or dioxane (10 parts) is refluxed for 1 to 

3 hours. The mixture is concentrated and the residue 
purified by silica gel chromatography to give diester 

(2). Yield: 95%. 

NMR (CDCI 3 ) 8: 5.12 (s, 4 H), 7.00 (s, 1 H), 7.07 (s, 30 
1 H), 7. 1-7.5 (m, 21H). 

This product is a mixture of cis-trans isomers at the 
double bond. 

(2) The product (2) is dissolved in dichloromethane (7 

parts) and mixed with trifluoroacetic acid (1 part) and 33 
anisole (1 part). After stirring for 7 hours at 0* C., the 
mixture is concentrated and triturated in a mixture of 
ether and hexane and then in a mixture of ether and 
methanol to give monoester (3), trans isomer. Yield: 
83%. 40 

IR (Nujol) v: 1730, 1710, 1695 cm-'. 

NMR (CDCI 2 + CD 3 OD) 8: 5.17 (s, 2 H), 5.2/ (s, 2 H), 
7.07 (s, 1 H), 7.2-7.5 (m, 11 H) ppm. 

(3) This trans isomer (3) is dissolved in tetrahydrofu- 
ran (10 pat -s) and mixed with phosphorus pentachloride 45 
(1.12 equivalents). After stirring for 2 hours at 0* C., the 
mixture is neutralized with aqueous 5% sodium hydro- 
gen carbonate (80 ml) and stirred at room temperatrxe. 
Separated crystals axe collected by filtration, washed 
with ethyl acetate and water, suspended in weter, acidi- 50 
Tied with hydrochloric acid, and extracted with ethyl 
acetate. The extract is washed with water, dried, and 
concentrated. The residue is crystallized from a mixture 

of ether and hexane to give monoester (3), cis isomer. 
Yield: 47%. mp. 144*-146* C. 55 

IR (CHCI 3 ) 3410, 1720 cm- 1 . 

NMR (CDCI 3 + CD 3 OD) 6 : 5.18 (s, 2H), 5.7! (s, 2K), 

6.62 (s, 1H), 7.1- (s, 1 H), 7.32 (s, 5 H), 7.35 (s, 5H) ppm. 


(1) A mixture of 4-chloroacetoacetic acid benzhydryl 
ester ( 1 ) (6.95 g), aldehyde (2) (3.9 g), benzene (35 ml), 
piperidine (0.79 ml), and acetic acid (0.24 mg) is heated 
at 50* C. for 3 hours. The mixture is washed with water, 
aqueous saturated sodium hydrogen carbonate, water, 
0.5N-hydrochloric acid, and water, dried over magne- 
sium sulfate, and concentrated. The residue is subjected 
to silica gel chromatography (eluting with benzene) to 
give a mixture of cis and trans ( 1 : 1 ) isomers of the prod- 
uct (3) (5.7 g). 

( 2 ) To a solution of this product (3) in ethanol (30 ml) 
is added thiourea (1.1 g). After heating at 50* C. for 2 
hours, the mixture is washed with aqueous saturated 
sodium hydrogen carbonate _nd concentrated. The 
residue is dissolved in .lichloroLtethane (20 ml) and 
mixed with pyridine (0.536 ml) and uenzyl chlorofor- 
mate (0.757 ml) &t 0* C. After 1.5 hourt* stirring at 0* C., 
the mixture is washed with water, dried over magne- 
sium sulfate, and concentrated. The residue is purified 
by silica gel chromatography (eluting with benzene- 
ethyl acetate ( 20 : 1 ) mixture) to give axninothiazole ester 

(4), cis isomer (467 mg) and trans isomer (600 mg). 

(cis isomer)— IR (CHCI 3 ) v: 3400, 1720, 1540, 1440, 
1385, 1280, 1160 cm- 1 . 

(trans isomer)=IR (CHCI 3 ) v: 3400, 1720, 1540, 1440, 
U85, 1280, 1160 cm - 1 . 

(3) To the isomers of axninothiazole ester (4) respec- 
tively are added dichloromethane, anisole (1 part), and 
trifluoroacetic acid (2 parts). After 2 hours stirring at 0* 
C., the mixture gives each isomer of the corresponding 
dic&rboxylic acid monobenzyl ester (5). 

Preparation A-4 


Preparation A -3 

2-(2-Benzyloxycarbonylaminothiazol-4-yl>-5-benzylcx- 
y car bony 1-2-pentenoic acid (5) 

COCH 2 CJ 

CH 2 COOCHPh 2 CH 2 CH 2 CHO ^ 

(!) COOCH 2 Ph 

( 2 ) 


2-(2-Benzyloxycurbonylaminothiazol-4-yl)-6-benzylox- 
ycarbonyl-2-hcxenoic acid (5) 


coch 2 ci 

ch 2 

65 I 

COOCHKi 2 


0 ) 


<CH2)jCHO ^ 

1 

COOCH 2 Ph 

( 2 ) 
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aCH 2 COCCOOCHKh 3 

U 

CH 

I 

(CH»jCOOCH 2 Ph 


N 


-CHjCOOH 


1 

CbzNH S ‘ 


N 


(3) 


(3) 


CbzNH s 


7 


-C— COOCHPhj 

R 

CH 

I 

CCH2>3 

COOCH^Pb 


N 


( 4 ) 


N 


CbzNH 


JL 


7 


- C — COOH 

II 

CH 

I 

<CH 2 )3 

COOCHjPh 


(3) 


(1) A solution of ester (1) (7 g), aldehyde (2) (4.8 g), 
piperidine (0.15 ml), and acetic acid (0.3 ml) in benzene 
\40 ml) is heated at 50* C. for 3 hours. The mixture is 
washed with water, aqueous saturated sodium hydro- 
gen carbonate, 0.5 N hydrochloric acid, and water, 
dried over magnesium sulfate, and concentrated. 

(2) Resulting residue (3) (6.5 g) is dissolved in ethanol 
(35 ml), mixed with thiourea, and heated at 50* C. for 2 
hours. The mixture is washed with aqueous saturated 
sodium hydrogen carbonate and concentrated. The 
residue is dissolved in dichloromethane (20 ml), mixed 
with pyridine (0.754 ml) and benzyl chloroforms te (1 
ml), and stirred at 0* C. for 1.5 hour!.. The reaction 
mixture is washed with water, dried, and concentrated. 
The residue is separated by silica gel chromatography 
(eluting with benzene-ethyl acetate ( 20 : 1 ) mixture) to 
give thiazole ester (4) [tracts isomer (470 mg) and trans- 
cis (1:1) mixture (1.17 g)J. 

(trans-Thiazo)e ester (4)): IR (CHCI 3 ) v: 3400, 3000, 
1720, 1540, 1440. 1370, 1280, 1150 cm* *. 

(cis-Thiazole ester (4)): IR (CHClj) v: 3400, 3000, 
1720, 1540, 1440, 1370, 1280, 1150 cm* 1 . 

(3) Thia/ole est*r (4) (470 mg) as produced above (1) 
is dissolved in dichloromethane (15 ml), mixed with 
anisole (0.61 1 ml) and trifluoroacetic acid ( 1.22 ml), and 
stirred at 0* C. for 2 hours. After concentrating to dry- 
ness, the mixture is triturated in a mixture of ether and 
hexane (1:1) to give thiazolecan'oxylic acid (5) (336 
mg). 

Preparation A-5 

2-(5-Benzyloxycarbonylamino- l,2,4-thiadiazol-3-yl)-4- 
bcnzyloxyc»rbonyl-2-butenoic acid (7) 


10 


15 


20 


25 


—jj— CH2COOCHPh 2 

.A, 

CbzNH S 


< 4 > 


-CCOOCHPh} 


A ^ N CHOH 
CbzNH S 


(3) 


Jl 

CbzNH S 


-|j— CCOOCHPhj 
N CH 

CHjCOOCH^Pb 


( 6 ) 


Jl 

CbzNH s " 

(7) 


T 


-c— coon 

R 


N CHCH2COOCH 2 Ph 


30 


35 


40 


45 


50 


55 


"CHj 


H:N^ s" N 


60 


<D 


-CH3 


^A ^ N 

CbxNH s 


(1) Amine (1) (6 g) is amidated with benzyl chlorofor- 
mate ( 1.2 equivalents) in dichloromethane (120 ml) con- 
taining pyridine (2.5 equivalents) at 0* C. for 2 hours to 
give carbamate (2) (11.2 g). mp. 157*-158* C. Yield: 
94.6%. 

(2) To a solution of diisobutylamine (25.2 ml) in tetra- 
hydrofuran (125 ml) cooled at -30* C. to — 5* C. is 
added 1.6 N n-but> !lithium hexane solution (112.3 ml) 
over 21 minutes peried. After I hour 20 minutes* stir- 
ring at 0* C., the mixture is mixed with a solution of 
carbamate (2) (11.2 g) in tetrahydrofuran (150 ml) at 
— 68 * C. to —64* C. over 1 hour 20 minutes, and stirred 
at the same temperature for 3 hours. This is quenched 
with dry ice (200 g) and warmed gradually up to — 5* C. 
The reaction mixture is diluted with water (150 ml), 
washed with ethyl acetate, acidified with 2N-hydro- 
chloric acid to pH 2, and extracted with dichlorometh- 
ane. The extract solution is washed with wrter, dried, 
concentrated, and diluted with ether to afford acetic 
acid (3) (6.33 g). mp. l72*-173* C. 

(3) To a solution of acetic acid (3) (7 g) in methanol 
(200 ml) is added diphenyldiazomethane until none of 
the acetic acid (3) is detectable. The mixture is concen- 
trated to give Ester (4). mp. 144*- 146* C. 

(4) To a solution of ester (4) (4.1 g) and diphenyl- 
methyl formate (3.03 g) in tetrahydrofuran (41 ml) 
cooled at 0* C. is added 60% sodium hydride ( 1.1 g). 
After 2 hours 20 minutes stirring at 60* C., the mixture 
is dilated with water, acidified with 2 N- hydrochloric 
acid, and extracted with ethyl acetate. The extract is 
washed with water, dried, and concentrated to give 
aldehyde (5) (2.75 g). Y:^d:'63.5%. 

IR (CHCb) v: 3140, 1720, 1610, 1540, 1280, 1080 


65 cm 


-l 


( 2 ) 


(5) A solution of aldehyde (5) (781 mg) and benzylox- 
ycarbonylmethylidenephosphorane (985 mg) in dioxane 
(17 ml) is refluxed for 3 hours. The mixture is concen- 
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trated to give acrylate (6) (631 mg). Yield: 63.5%. A 
cis/trans (4:6) mixture. 

IR (CHCh): v: 3150. 1730, 1545. 1280 cm* *. 

(6) To a solution of acrylate (6) (309 mg) in dichloro- 
methane (4.5 ml) are added anisole (0.3 ml) and trifluo- 
roacetic acid (0.6 ml). After 1 hour's stirring at room 
temperature, the mixture is diluted with hexane to 5ive 
half ester (7) (171 mg). Yield: 75.7%. This is a cis/trans 
(1:6.45) mixture. 

IR (CHCh) v: 1730, 1621, 1540. 1230 cm-*. 

Preparation A-6 

2 -(2- Benz y lo x y carbon y laminothiazol-4 -y 1 )-3tchloro- 3- 
benzyloxycarbonyl-2-propcnoic acid (3) 


N 


CtzNH 




S 

(I) 


“jj— COCOOCHPh 2 


> 
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•continued 



CbzNH s 
< 4 ) 


C — COOH 


CC1 

j 

3 

I 

CH 2 COOCH 2 Ph 


10 (1) Ketone (1) and dichloromethylidenetriphenyl- 

phosphorane are reacted in a manner as described in 
Japanese Patent Application Kokai No. 57-67581 to 
give dichloroethylene (2). 

(2) To an ice cold solution of dichloroethylene (2) 
15 (395 mg) in N.N-dimethylformamide (3 ml) are added 
benzyl thioglycolate (200 mg) and triethylamine (153 
rag) under nitrogen. After stirring for 45 minutes, the 
mixture is diluted in ethyl acetate, washed with water, 
dried, and concentrated. The residue is purified by 
20 chromatography to give thioether (3) (326 mg*. Yield: 
64%. 


N - 



CbzNH s 


J 


C— COOCHPh 2 

II 

CC1 

I 

COOCH 2 Ph 


(2) 




(3) A solution of thioether (3) in a mixture of trifluo- 
roacetic acid (2 parts) and anisole (2 parts) is let stand 
for 20 minutes and concentrated to give half ester (4). 
25 Yield: 88%. 


Preparation A -8 


N n — C — COOH 

J* JJ CCl-“COOCH 2 Ph 30 

CbzNH S 

(3) 

(l. v A solution of ketone (1) (472 mg) and benzylox- ^ 
ycarbonylchloromethylenetriphenylphosphorane (467 3 
mg) iii benzene (5 ml) is heated at 60* C. for 30 minutes 
and concentrated. The residue is crystallized from a 
mixture of ether and pentane to give chloroethylene (2) 
(393 mg). Yield: 61%. 4 Q 

(2) A solution of chloroethylene (2) (270 mg) in a 
mixture of anisole (2 parts) and tnfluoroacetic acid (1 
pan) is let stand for 15 minutes and concentrated to give 
half ester (3) (190 mg). Yield: 95%. 

„ 45 

Preparation A-7 


2-(2-Benzy 1 ox y carbon y laminothiazol-4- y I )- 3-chloro-6- 
benzyloxycarbonyl-2-hexenoic acid (4) 



CbzNH 


S 

(1) 


— COCOOCHPh 2 


> 


CbzNH ^ S } 

(CH.bCOOH 

( 2 ) 


n 


-C — COOCHPh 2 

A J fa 

CbzNH s 1 

(ch 2 hcooch 2 f 
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2-(2-Benzyloxycarbonylaminothiazol-4-yl)-3-benzyIox- 
y carbon y I methylthio- *-chloro-2*propewoic acid (4) 
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CbzNH 


A. 


S 

O) 


J COCOOCHPh 2 
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CbzNH 


A J 


-CCOOCHPh 2 

II 
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-CCOOCHPh 2 

II 
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(3) 


N 



CbzNH s 
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C— COOH 

It 

^ci 


<CH 2 bCOOCH 2 Ph 
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55 (1) To a suspension of (4-carboxybutyI)triphenyl* 

phosphonium bromide (887 mg) in tetrahydrofuran (3.5 
ml) is added IM-lithium bistrimethylsilylamide (4.2 ml). 
After 15 minutes’ stirring at room temperature, this 
solution is drop wise added to a suspension of iodoben- 
60 zenedichloride (605 mg) in tetrahydrofuran at —78* C. 
After 10 minutes at —78* C., lithium bistrimethylsilyla- 
mide (2.2 ml) is added to the mixture. To this solution is 
added a solution of ketoester (1) (378 mg) in ietrahydro- 
furan (2 ml). The mixture is stirred at —78* C. for 10 
65 minutes and at room temperature for 1 hour, diluted 
wi'h diluted hydrochloric acid, and extracted with 
ethyl acetate. The extract solution is dried and concen- 
trated. The residue is purified by silica gel chromatogra- 


( 3 ) 
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phy (eluting with dichloromethane and ethyl acetate 
(1:1) mixture) to give vinylcarboxylic acid (2) (250 mg). 

IR(CHCb)v: 1715, 1540 ctn“*. 

(2) Esterification of vinylcarboxylic acid (2) (353 mg) 
with oxaJyl chloride and benzyl alcohol in the presence 5 
of pyridine in a conventional manner gives vinyl ester 
(3) (305 mg). 

NMR (CDCIj) S: 1.85-3.00 (m. 6H), 5.07 (s, 2H), 5.25 
(s, 2H), 6.48 (s, 1H), 7.05 (s. 1H), 7.10-7.55 (m, 20 H) 
ppm. 10 

(3) Stirring a mixture of vinyl ester (3) (275 mg), 
trifluoroacetic acid (0.5 ml), and anisole (1 ml) for 15 
minutes at room temperature gives half ester (4) (95 
mg)- 

NMR (CDCI3 + CD3OD) 5: 1.80-3.00 (m. 6H) 5 09 15 
(s. 2H). 5.26 (s, 2H), 6.85 (s, 1H), 7.05-8.00 (m. 10H) 
ppm. 


Preparation A -9 

2-[2-(N-Methoxyethoxymethyl-N-benzyloxycar- 
bonylamino)thiazoI-4-yl]-3*chloro-5-benzyloxycarbo- 
nyl-2-pentenotc acid (6) 

N it— CHjCOOCHPhj 


CH 2 COOCHPh 2 


CH— COOCHFi. 


<CH 2 ) 2 C<X>H 


-CH — COOCHPh: 

I 

CO 

I 

<CH 2 ) 2 COOCH 2 Ph 


C— COOCHPh; 


(CH 2 >:COOCH2Ph 


XT 


C— COOH 

11 

ca 


by silica gel chromatography to give methoxyethox- 
ymethylamino ester (2). Yield: 74%. 

NMR (CE>Ch) 5: 3.25 (s, 3H), 3.77 (s, 2H), 5.28 (s, 
2H), 5.55 (s, 2H), 6 68 (s, 1H) ppm. 

* (2) To a solution of 0.3M-litliium bistrimethylsilyla- 

midc in tetrahydrofuran (1.4 ml) is added a solution of 
methoxyethoxymethylamino ester (2) (100 mg) in tet- 
raiiydro-furan (1 ml) at —78* C. under nitrogen. After 
stirring for 15 minutes, a solution of succinic anhydride 
(22 mg) in tetrahydrofuran (0.5 ml) is added to the solu- 
tion. After 50 minutes* stirring at —78* C., the reaction 
mixture is acidified with 4N-hydrochloric acid (0.5 ml) 
and extracted with dichloromethane. The extract is 
15 washed with water, dried, and concentrated. The resi- 
due is purified by silica gel chromatography to give 
ketoester (3) (64%) and amino ester (1) (24%). 

NMR (CDClj) 6: 3.27 (s, 3H), 5.32 (s. 2H), 5.50, 5.65 
(2 X s, 2 H), 9.4 (brs, 1H) ppm. 

20 (3) To a solution of keto ester (3) (54 1 mg) in benzene 

(5 ml) is added a 0.485M-solution (1.81 m) of sodium 
methoxide in methanol. After stirring for 5 minutes, the 
mixture is roncentrated. The residue is dissolved in 

N. N-dimethylformamide (5 ml), mixed with benzyl 
25 bromide (0.149 ml), stirred for 5.5 hours at room tem- 
perature, let stand overnight, and subjected to usual 
work-up and silica gel chromatography to afford 
ketodiester (4). Yield: 33%. 

NMR (CDCh) 6: 3.26 (s, 3H), 5.05 (s, 2H), 5.32 (s, 
2H), 5.55, 5.63 (2xs, 2H) ppm. 

(4) To a solution of triphenylphosphine (284 n:g) in 
tetrahydrofuran (4 ml) cooled at — 15* C. are added a 

O. 85M solution of chlorine in carbon tetrachloride (1.27 
ml), triethylamine (0.152 ml), and a solution of ketodi- 

35 ester (4) (160 mg) 'in tetrahydrofuran (2 ml). The mix- 
ture is warmed to room temperature, stirred for 6.5 
hours, subjected to usual work-up, and silica gel chro- 
matography to give chlorodiester (5). Yield: 67%, 
qq This product is a mixture of cis and trans (1:1) geo- 
metric isomers. 

IR (CHCh) v: 1720 cnr*. 

(5) To an ice cold solution of chlorodiester (5) (109 
mg) in anisole (1 ml) is added trifluoroacetic acid (0.3 

15 ml). After stirring at room temperature for 1 hour, the 
mixture is concentrated, and the residue is purified by 
silica gel chromatography to give chioromonoester (6) 
trifluoroacetate salt (112 mg). This product is a mixture 
of cis and trans (1:1) geometric isomers. 

K> IR (CHCb) v: 3350, 1720, 1680 cm- ». 

Preparation A- 10 

2-(5-BenzyIoxycarbonylamino- 1 ,2,4-thiad:azol-3-yl)-3- 
benzyIoxycarbonyl-2-propenoic acid (4) 


-CH 2 COOCHPh 2 ■ 


(CH2hC'oOCH 2 Ph 


(I) To a solution of aminoester (1) (115 mg) in N,N- 
dimethylformamide (1 ml) are added potassium carbon- 
ate (45 mg) and methoxyethoxymethyl chloride (0.043 
ml). After stirring at room temperature for 1.5 hours, 65 
the mixture is diluted with iced hydrochloric acid and 
extracted with ethyl acetate. The extract is washed with 
water, dried, and concentrated. The residue is purified 


-COCOOCHPh: 


( 2 ) 
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-continued 


1 

CbzNH s' 


* C — COOCHPh? • 

Q 


N 

COOCP 


-it— C—COOH 

H 

N 10 


N <r H 
COO CY 


(1) To a solution of ester (1) (1.012 g) in diox me (10 

ml) is added selenium dioxide (0.66 g). After stirring for 15 
2 hours at 100* C., the mixture is filtered. The filtrate is 
concentrated. The residue is dissolved ir» ether and 
purified by silica gel chromatography (eluting with a 
hexane-acetone (3:2) mixture) to give ketoester (2) 
(1.025 g). Yield: 98.3%. 20 

IR (Nujol) v: 3380, 1720, 1240, 1085 cm- 1 . 

(2) A solution of ketoester (2) (1.025 g) and triphenyl- 
phosphoranilideneacetic acid benzyl ester (1.06 g) in 
dioxane (20 ml) is stirred at 100* C. for 2 hours and 
concentrated. The residue is p'lrified by silica gel chro- 25 
matography (eluting with acetone-hexane (3:1 to 3:2) 
mixture) to give diester (3) (1.24 g). Yield: 92%. mp. 
173*- 174* C. 

(3) To a solution of diester (3) (348 mg) in dichloro- 
methane (4.7 ml) are added anisole (0.35 ml) and trifluo ^ 
roacetic acid (0.76 ml). After stirring for 1 hour at room 
temperature, the mixture is concentrated and washed 
with ether to give cis-monoester (4a) (147 mg). Yield: 
58.3%. mp. 201 *-202* C. The washing is concentrated, 
washed with nexane, and crystallized from a mixture of ^ 
ether and hexane to give trans-monoester (4b) (98 mg). 
Yield: 38.9%. mp. 155*-156* C. 

Preparation A-l 1 

2-(2-t-Butoxycarbopylaminothiazol-4-yl)-4-methyl‘4- 40 
benzyloxycarbonyl-2-pentenoic acid (3) 


t-butoxide (282 mg), \fter stirring for 5 minutes, the 
mixture is mixed with benzyl 2-formyl-2,2-diniethylace- 
tate (0.32 ml), stirred for 20 minutes, warmed to room 
temperature in 5 minutes, neutralized with 10% hydro- 
chloric acid, and extracted with ethyl acetate. The ex- 
tract is washed with saline, dried, and concentrated. 
The residue is dissolved in benzene (10 mJ), mixed with 
DBU (0.36 ml), stirred at room temperature for 4 hours, 
neutralized with 10% hydrochloric acid, washed with 
water, dried, concentrated, dissolved in benzene (10 
ml), mixed with aqueous sodium sulfite (250 mg) solu- 
tion (10 ml), and stirred for 24 hours. The benzene layer 
is washed with water, dried, concentrated, and purified 
by silica gel chromatography' to give diester (2), cis 
isomer (431 mg: 59% yield) and trans isomer (158 mg* 
yield: 22%). 

IR (CHClj) v: 3410, 1725 cm*' (cis isomer). 

IR (CHCI 3 ) v: 3400. 1720 cm -1 (trans isomer). 

(2) To a solution of diester (2), cis isomer (431 mg), in 
dichioromethane (8 ml) is added a mixture of anisole 
(1.2 ml) and trifluorcacetic acid (1.2 ml). After stirring 
at 0* C. for 3 hours, the mixture is concentrated and 
purified by silica gel chromatography to give cis-isomer 
of monoester (3) (242 mg). Yield: 77%. mp. 158*- 160* 
C. (decomp, recrystallized from benzene). 

(3) To a solution of diester (2), trans isomer (237 mg), 
in dichioromethane (4 ml) is added a mixture of anisole 
(0.6 ml) and trifluoroacetic acid (0.6 ml). After stirring 
at 0* C. for 3.5 hours, the mixture is concentrated and 
purified by silica gel chromatography to give trans-iso- 
mer of monoester (3) (98 mg). Yield: 57%. mp. 

1 75*- 177* C. (decomp, recrystallized from benzene). 

Preparation A- 12 

2-(2-t-Butoxycarbonylaminothiazol-4-yl)-3-t-butox- 
ycarbonylmethoxy-2-propenoic acid (7) 


JLT 


CH 2 COOH 


TT 


CHjCOOCHPb: 


jrx 


CH 7 COOTCE 


BocNH s 


CCOOCHPh 2 ■ 


XT 


C— COOTCE 

II 

CHOH 


BocNH s 


PhCHjOOCQCHjb 


C—COOH 


N |j— C— COOTCE 

Jl CHOCHjCOOBu — 1 
Bo; NH S trans 


PhCHjOOCC (CHjb 


(1) To a solution of acetate (1) (628 mg) in tetrahydro- 
furan (16 ml) cooling at — 50* C. is added potassium 


N jr—CH— COOTCE 

Jl \ CHSPh 

BocNH S I 

OCH 2 COOBu— t 
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-continued 


X~J 


C— COOTCE 

II 

CHOCH 2 COOBu— i 


and purified by silica gel chromatography (eluting with 
a benzene-ethyl acetate (9:1 to 1:1) mixture) to give 
diester ( 6 ) (1.13 g). Yield: 45%. 

IR (CHCI 3 ) v: 3420. 1730. 1620. 1540. 1153, 1140 


< 6 > (O To a solution of diester ( 6 ) (0.80 g) in acetic acid 

N c coo 1 1 « added zinc powder (2.0 g). After stirring at 

j! | H room temperature for 1 hour, the mixture is diluted with 

BocNH S J dichloromethane, mixed with 2N-hydrochloric acid, 

OCH 2 COOBU — 1 stirred for 10 minutes at room temperature, filtered to 
remove solid, and the organic layer is taken. This is 
(1) To a suspension of acetic acid (1) (1 1 g) in dichlo- 15 washed with water, dried, and concentrated to give 


N n“ c ~ 

. jT ;• 


OCH>COOBu— t 


romethane (120 ml) is added triethylamine (90 ml). The 
mixture is cooled at —78* C., mixed with 2.2.2-tri- 
chloroethyl chloroformate (4.87 ml) and N,N-dime- 
thylaminopyridine (432 mg), stirred at 0’ C. for 10 min- 
utes and at room temperature for 2 hours, diluted with 20 
ethyl acetate, washed with water, dried, and concen- 
trated. The residue is purified by 10% aqueous silica gel 
chromatography (eluting with a benzene-ethyl acetate 
(9:1) mixture) to give trichloroethyl ester (2) ( 9.10 g). 
Yield: 66 %. 25 

(IR (CHClj) v: 3400. 1760, 1720, 1 150 cm-*. 

(2) To a suspension of sodium hydride (2.88 g) in 

tetrahydrofuran (80 ml) is dropwise added a solution of 
trichloroethyl ester (2) (9.10 g) and 2,2,2-trichloroethyl 
formate (6.21 g) in tetrahydrofuran (34 ml). After stir- 30 
ring at room temperature for 2 hours, the mixture is 
diluted with ethyl acetate, acidified with acetic acid ( 5.3 
ml), washed with water, dried, and concentrated. The 
residue is *~rystallized from petroleum ether to give 
formylester (3) (4.49 g). Yield: 46%. 35 

IR (CHCI 3 ) v: 3420. 1735, 1620 cm-*. 

(3) To an ice cold solution of formylester (3) (4.49 g) 
in N.N-dimethylformamide (40 ml) is added 60% so- 
dium hydride (426 mg). The mixture is stirred until gas 
evolution ceases, mixed with t-butylbromoacetate (3.15 40 
g), kept at room temperature overnight, diluted with 
ethyl acetate, washed with saline, dried, concentrated, 
and purified by silica gel chromatography (eluting with 

a benzene-ethyl acetate (19:1 to 2:1) mixture) to give 
diester (4) (3.03 g). Yield: 53%. 45 

IR (CHCI 3 ) v: 3400, 1723, 1630, 1150, 1120 cm-*. 

(4) To a solution of diester (4) (3.03 g) in tetrahydro- 
furan (30 ml) are added benzenethiol (0.70 ml) and tri- 
ethylamine (0.79 ml). The mixture is stirred at room 
temperature for 3 .d hours, concentrated, and purified by 50 
silica gel chromatography (eluting with benzene-ethyl 
acetate (9:1 to 8:2) mixture) to give phenyl thiopropion- 
ate (5) (3.36 g). Yield: 92%. 

The product is 7:3 mixture of the two geometric 
isomers. IR (CHCI 3 ) v: 3400, 1750, 1725, 1155, 1120 55 
cm — *. 

(5) To a solution of phenyl thiopropionate (5) (3.15 g) ' 
in dichloromethane (35 ml) cooled at —40* C. is added 
m-chloroperbenzoic acid (80%, 1.07 g). The mixture is 
stirred at —40" C. for 10 minutes and at room tempera- 60 
ture for 10 minutes, diluted with ethyl acetate, stirred 
with aqueous 2 % sodium hydrogen sulfite, and stirred 1 
at room temperature for 5 minutes. The organic layer is 1 
taken, washed with aqueous 5% sodium hydrogen car- , 
bonate and saturated saline, dried, concentrated, dis- 65 . 
solved in benzene (150 ml), and refluxed for 15 minutes. 

The mixture is washed with aqueous 5% sodium hydro- * 
gen carbonate and saturated saline, dried, concentrated. 


Z-isomer of monoester (7) (605 mg). Yield: 100 %. 

IR (CHCI 3 ) v: 3400, 3550-2500. 1725, 1620, 1150 
cm* 

F.-isomer of monoester (7) (750 mg) is recovered from 
the mother liquor. Yield: 30%. 

IR (KBr) v. 3420, 1742, 1710, 1610, 1130 cm-*. 

Preparation A- 13 

2-(2 -Benzy lox y carbony laminot hiazol -4- y I >-4-benz y lox - 
y carbon ylpentenoic acid (3) 

N n— C— COOCHPhj 


c— cx»:HPh 2 


cooo: 2 Ph 


C—COOH 


COOCHjPh 


(1) A solution of bydroxymethylene (1) (1.46 g) and 
benzyloxycarbonylethylidenetriphenylphosphorane 
(2.5 g) in toluene (20 ml) is stirred at 80* C. for 19 hours 
and at 1 10 * C. for 4 hours, and then concentrated. The 
residue is purified by silica gel chromatography to give 
diester (2) (0.808 g). Yield: 43%. 

NMR (CDCI 3 ) 6 : 1.15 (d, J = 7 Hz, i.5H), 1.71 (s, 
1.5H), 4.90 (d, J = 9 Hz, 0.5H) ppm. 

(2) To a solution of diester (2) in dichloromethane (20 
ml) are added anisole (3 ml) and trifluoroacctic acid (3 
ml). After stirring at room temperature for 3 hour^ the 
mixture is concentrated and triturated in a mixture of 
hexane and ether to give monoestcr (3) (508 mg). Yield: 
85%. 

IR (CHCI 3 ) v: 3400, 1725 cm-*. 
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Preparation A- 14 

2-(Thiazol-4-yI>-4~benzyloxycarbony]-2-butenoic acid 
(3) 


N IT— C— COOCHPh 2 

l!^ Jl CHOH 
S 


•continued 


hoocch 2 o' 


TLi^ OCCH 2 o' 


IN it— C— COOCHP h 2 

CT' r 

s I 

CH 2 COOCH 2 Ph 


*CT 


C— COOH 
II 


-H2CCXX:H 2 Ph 


(1) To a solution of formylester ( 1 ) ( 1 1.5 g) in benzene 
(220 n*l) is added benzyloxycarbonylmethylidenephns- 
phorane (19.5 g). After refluxing for 7 to 10 hours, the 
mixture is concentrated to a half to a third volume and 
purified by silica gel chromatography (eluting with a 
benzene-ethyl acetate (30: 1 ) mixture) to give diester ( 2 ) 
(1 5.5 g). Yield: 97%. The product is a mixture of cis and 
trans geometric isomers. 

IR (CH CP: 1720 cm. 

(2) To a solution of diester (2) (15.0 g) in dichloro- 
methane (150 ml) is added trifluoroacetic acid (32 ml) at 
0* C. After stirring at room temperature for 1.5 hours, 
the mixture is concentrated. The residue is stirred in 
hexane, diluted with ethyl acetate, and extracted with 
saturated aqueous sodium hydrogen carbonate. The 
extract is acidified with 10% hydrochloric acid to pH 3 
to 4 and extracted with ethyl acetate. The extract is 
dried, concentrated, and triturated in a mixture of ether 
and hexane (1:1) to give monoester (3). Yield: 55%. This 
product is a mixture of cis and trans ( 1 : 1 ) geometric 
isomers. 

NMR (CDCI 3 — CD 3 OD) 6 : 3.53, 3.76 (d. J = 8 Hz, 
2H), 5. 1 3. 5. 1 5 (2 X s, 2 H), 7.23, 7.38 (2 X t, J — 8 Hz, 1 H), 
7.35 (s, 5H), 7.57, '61 (d, J = 2 Hz. 1 H), 8.79, 8.82 (d, 
J = 2 Hz. 1 H) ppm. 

Preparation A- 15 

2-(3 -t-Butox y carbon ylamino- 5-isoxazol yI)-4-benzylox - 
ycarbonyl-2-butenoic acid (7) 


TCEOOCC 


PHO^OOCCHtCH 


h| T 


NHBOC > 


TCEOOCC 



PhCH200CCH 2 CH 




ch 3 o- 


(1) A solution of 3-amino- 5-methylisoxazoIe (1) (56 g) 
in di-t-butylpyrocarbonate is stirred at 105*-110* C. for 
17 hours. The mixture is concentrated and diluted with 
ether and water. The organic layer is taken, washed 
with water, diluted hydrochloric xcid, water, and sa- 
line. dried, and concentrated. The residue is washed 
with petroleum ether to give t-butoxycarbonylamine ( 2 ) 
(75 g). mp 1C8*-109* C. 

(2) To a solution of diisopropylamine (23.4 ml) under 
nitrogen in tetrahydrofuran (90 ml) cooled at — 20* C. is 
added n-butyllithjum ( 1 . 6 N -hexane solution 125 ml). 

45 Aftei stirring for 15 minutes, the mixture is cooled to 
— 78* C., mixed with a solution of t-butox 2 ccrbonyla- 
rnine (2) (8.3 g) in tetrahydrofuran (40 ml) over 2 xin- 
utes period, stirred for 1 hour, quenched with dry-ice 
(20 g), and concentrated. The residue is dissolved in 
*q water, washed with ether, acidified with hydrochloric 
acid under ice cooling, and extracted with ethyl acetate. 
The extract is washed with water, dried, and concen- 
trated. The residue is washed with ether to give acetic 
acid (3) (4.35 g). mp 173*-I74* C. (decomp.). 

55 (3) To a solution of arctic acid (3) in dichloromethane 

(200 ml) is added triefhylamine (8.63 ml) at 0 * C. This is 
cooled to —78* C., mixed with trichloroethyl chloro- 
formate (13.1 g) and 4-dimethylaminopyridine (0.76 g), 
•uid stirred for 15 minutes. The mixture is warmed to 
60 room temperature, kept overnight, concentrated, di- 
luted with water, and extracted with ethyl acetate. The 
extract is washed with diluted. hydroctWic acid, aaue- 
ous sodium hydrogen carbonate, water, and saline, con- 
centrated, and purified by silica gel chromatography 
65 (eluting with benzene-ethyl acetate (3:1) mixture) to 
give trichloroethylester (4) (19 g). mp 146*- 147* C. 

(4) To a suspension of 60% sodium hydride (6.72 g) in 
tetrahydrofuran f220 ml) at — 30* to — 10* C. is added a 
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solution, of Trichloroethylester (4) and trichloroethyl 
formate (14.4 ml) in tetrahydrofuran (100 ml) over a 40 
minutes period. After 1.5 hour's stirring, the mixture is 
poured into iced hydrochloric acid and extracted with 5 
ethyl acetate. The extract is washed with water and 
saline, dried, concentrated, and washed with petroleum 
ether to give hydroxymethylidene compound (5) (17.45 
g). mp>210* C. 

(5) A solution of hydroxymethylidene compound (5) ^ 
(8.06 g) and benzyloxycarbonylmethylidenetriphenyl- 
phosphorane (11.1 g) in dioxan (350 ml) is stirred at 55* 

C. for 9 hours. The mixture is concentrated, dissolved in 
water end ethyl acetate, washed with diluted hydro- 15 
chloric acid, aqueous sodium hydrogen carbonate, wa- 
ter, and saline, dried, concentrated, and purified by 
silica gel chromatography (eluting with a mixture of 
benzene and ethyl acetate ( 1.-0 to 1 5: 1) to give diester (6) 20 
(6.35 g). 

IR (CHCb) v: 3410, 2950, 1735, 1607, 1585 cm - 

(6) To a solution of dies ter (6) (1.85 g) in dichloro- 
methane (20 ml) is added zinc (5 g) and acetic acid (20 
ml) at 0* C. After 40 minutes stirring, the mixture is 
poured into dichloromethane and diluted hydrochloric 
acid, filtered to remove solid, and extracted with di- 
chloromethane. The extract is washed with water and 
saline, dried, concentrated, and purified by silica gel 50 
chromatography (eluting with a benzene-ethyl acetate 
(3:1) mixture) to give monocarboxylic acid (7) (0.25 g). 

IR (KBr) v: 3400, 3250, 2960, 1736. 1618 cm* 1 2 . 

Preparation A- 16 35 

2-Phenyi-4-benzyloxycarbonyl-2-butenoic acid (3) 


Preparation A- 17 

2-(2-ThienyI)-4-benzyloxycarbonyl-2-butenoic acid (2) 


C— COOCHPh* 

CH (V CH 2 COOCH 2 Ph 


Cl 


s C— COOH ^ 

II ^ 

(2) CH A>CH2COOCH 2 Ph 

Chester (1) (3.3 g) prepared in a manner similar to 
Preparation A- 16 is dissolved in dichloromethane (60 
ml), mixed with anisole (7 ml) and trifluoroacetic acid (7 
ml) at 0* C., stirred for 2.5 hours, concentrated, a id 
triturated in hexane. Resulting solid is purified by hex- 
ane-ether giving monoester (2) (1.19 g). Yield: 56%. 

Chester (1): IR (CHCb) v: 1730 sh. 1722, 1 165 cm- ■. 

Monoester (2): IR (CHCb) v: 1730, 1695 cm-*. 

PREPARATION B (INTRODUCTION OF 
3-SUBSTITUENTS) 

Preparation B-l 

7beta-Amino-3-(2,2,2-trifluoroethylthio)-3-cephem-4- 
carboxylic acid p-nitrobenzyl ester (3) 


PhCH 2 CONH 


Ph— C— COOCHPh? 
II 

CHOH 


► PhC — COOCHPh? 
II 

CH~CH?COO< 


H 2 COOCH : Ph 


PhCH 2 CONH 


S CF 3 


Ph— c— COOH 

II 

CH— CH 2 COOCH 2 Ph 


Ha-HjN 


(1) To a solution of 2-fonnyIphenylaoetic acid diphe- 
nylmethyl ester (1) (1.94 g) in dioxane (20 ml) is added 
benzyloxy carbon ylmethylidenetriphenylphosphorane 
(3. 16 g) at room temperature. After stirring at 60* to 65* 
C. for 50 minutes, the mixture is concentrated and puri- 
fied by s^ica gel chromatography (eluting with dichlo- 
romethane) to give diester (2) (1.81 g) Yield: 61%. 

NMR (CDCb) 6: 3. 1 8, 3.58 (2 X d, J = 8 Hz, 2 H), 5 12, 
5.24 (2Xs, 2 H), 6.93 (s, 1H) ppm. 

(2) To a solution of diester (2) (1.7? g) in dichloro- 
methane (40 ml) are added anisole (4 ml) and trifluoro- 
acetic acid (4 ml) at 0* C. After 2.5 hours* stirring, the 
mixture is concentrated and triturated in hexane to give 
monoester (3) (0.84 g). Yield: 73%. This is a mixture of 
cis and trans (17:83) geometric isomers. 

IR (CHCb) v: 1730, 1690 cm - K 


SCH2CF3 


(3 ) OOOPNB 

(1) To a suspension of silver mercaptide (1) (1.86 g) in 
hexamethylphosphorotriamide (45 mJ) is added sodium 
55 iodide (0.96 g). After stirring at room temperature for 
50 minutes under nitrogen, the mixture is mixed with 
trifluoromethanesulfonic acid trifluoroethyl ester (2.95 
g). After stirring at room temperature for 1 hour, the 
reaction mixture is poured into ice water and extracted 
60 with ethyl acetate. The extract is washed with water, 
dried, and concentrated. The residue is purified by silica 
gel chromatography (eluting with benzene-ethyl ace- 
tate (2:1) mixture) to give ^iJfide (2) '1.03 g). mp. 
159*- 160* C. 

65 (2) To an ice cold solution of sulfide (2) (690 mg) in 

dichloromethane (22 ml) are added phosphorus penta- 
chloride (675 mg) and pyridine (0.288 ml). After stirring 
at room temperature for 2 hours, the mixture is cooled 
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to —40* C-. diluted with methanol (22 ml)* stirred at 0* 
C. for 2 hours, mixed with water (0.5 ml), and concen- 
trated. The residue is triturated in ether to separate 
solid, which is suspended in dichloromethane, washed 
with aqueous sodium hydrogen carbonate and water, 
and concentrated to give amine (3) (562 mg). 

IR (CHCI 3 ) V. 3300 br t 1775, 1735 cm- 1 . 

Preparation B -2 

7 beta-Araino- 3 -( 2 -fluoroethylthio)- 3 -cepheni- 4 -car- 
boxylic acid p-nitrobenzyl ester (4) 


36 

Preparation B-3 

7be ta- Amino-3- vinylthio-3-cephem-4-carboxy lie acid 


p-nitrobenzyl ester (4) 


PHCH2OONH 


10 



PhCHjCONH 




O 

t 

SPh 



25 


30 



(1) To a suspension of silver mercaptide (1) (2 g) in 
hexamethylphosphorotriamide (60 ml) are added p-tol- 
ucnesulfonic acid 2-iluorocthyl ester (2.95 g) and so- 
dium iodide (2.02 g). After keeping at room temperature 
for 4.5 hours, the mixture is poured into ice water (100 
ml) and extracted with ethyl acetate. The extract is 
washed with water, dried, concentrated, dissolved in 
dichloromethane, and diluted with ether to separate 
thioether (2). mp. 144*- 149* C. Yield: 87.8%. 

IR (CHCI 3 ) v: 3400, 1780, 1720, 1680, 1630 cm- 1 . 

( 2 ) To a solution of thioether ( 2 ) (1.54 g) in dichloro- 
methane (38.5 ml) are added pyridine (0.52 ml) and 
phosphorus pentachloride (1.207 g). After keeping at 
room temperature for 2.5 hours, the reaction mixture is 
cooled at - -40* C., diluted with isobutanol (38.5 ml), 
kept at 0* C. for 3 hours, and filtered to k ollect sepa- 
rated crystals of amine hydrochloride (3). Yield: 91%. 

IR (Nujol) v: 3140, 2645, 2585, 1773, 1604, 1600, 15! >, 
1492, 1460 cm- 

(3) A mixture of amine hydrochloride (3) 0-186 g), 
ethyl acetate (50 ml), sodium hydrogen carbonate (1. 107 
g), and water (30 ml) is stirred at 0* C. The organic layer 
is washed with aqueous sodium hydrogen carbonate 
and water, dried, and concentrated to give amine (4). 
Yield: 94.2%. 

IR (CHCh) v: 3400, 1772, 1726. 1602 1513 cm-*. 


35 (1) To a solution of 3-enol ( 1 ) (9.38 g) in acetonitrile 

(120 ml) are added diphenyl chlorophosphinate ( 6.57 g) 
and diisopropylaroinoethane (2.97 g). After stirring for 
2 hours, this is mixed with 2 -<benzenesulfmy])ethane- 
40 thiol (3.16 g), diisopropylaminoethane (2.19 g), and 
acetonitrile (6 ml), and stirred at —40* C. to — 25* C. for 
2.5 hours. The mixture is poured into iced hydrochloric 
acid and extracted with dichloromethane. The extract is 
45 washed with water, dried, and concentrated. The resi- 
due is crystallized from ethyl acetatc-ezher to give sulf- 
oxide (2) (6.84 g). mp. 174*- 176* C. 

(2) A solution of sulfoxide (2) (2 g) in 1.1,2-tnchloroe- 
50 thane (40 ml) is refluxed for 1 1 hours under nitrogen. 

The reaction mixture is concentrated, and crystallized 
from ether to give vinyl thioether (3) (1.38 g). mp. 
193*-194* C. ‘ 

(3) To a stirred end ice cold solution of vinyl thioe- 
ther (3) (440 mg) in dichloromethane (15 ml) are added 
phosphorus pentachloride (358 mg) and pyridine (149 
mg) under nitrogen. After stirring at room temperature 
for 2 hours, the reaction mixture is cooled to —40* C., 
diluted with methanol (15 ml), and stirred for 2 hours at 
0* C.-The mixture is mixed with water (1 ml), concen- 
trated, washed with ether, suspended in dicnJorometh- 
ane, and washed with aqueous 10 % sodium hydrogen 
carbonate and water, dried, and concentrated. The resi- 
due is crystallized from a mixture of dichloromethane 
and ether to give amine (4) (204 mg), mp. 152*- 154* C. 
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Preparation B-4 

7beta-(2-(2- Aminothiazol- 4-yl>4-carboxy-2- 
butenamido]-3-cyanomrthyIthiomethyl-3-cephem-4- 
carboxylic acid (5) 


anisole (5 ml) at — 30* C. After 3 hours* stirring* the 
mixture is diluted with hydrochloric acid and washed 
with ethyl acetate. The aqueous layer is purified with 
5 synthetic adsorbent HP 20 (Mitsubishi Chemical K.K.) 
and eluted to give aminocarboxylic acid (5). Yield; 
74.4%. 


(I) COOCHPhj 


CCONH 

II 

CH 


I O' 
ch 2 

COOBu — i 


C— CONH 
II 

CH 


COOCHPh? 


COOC*H<» — t 


Jt 


COOBu— i 


C— CONH 
II 

CH 


| CH 2 SCH 2 CN 
COOCHPhj 


Preparation B-5 

7beta- Amino- 3-(3,3,3-trinuoro-l-propenyI)-3-cephero- 
4-carboxyIic acid diphenylmethyl ester (3) 


n 


CHjCONH 


CH=PPh 3 


(I) COOCHPh 2 


ex 


CHjCONH 


CH=CHCF 3 


| CH 2 SCHjCN 
COOCHPh 2 


COOCHPhj 


ch 2 sch 2 cn 


(1) To a solution of bromomethyl compound (2) (340 
mg) (prepared by amidating Amine (1) in a manner 
similar to Example 2) in N f N-dimethylformaiiiioe (3 ml) 
is added at — 70* C. an ethanol solution of sodium 
cyanomethylmercaptide (prepared from cyanom ethyl 
thiolacetate (71 mg) and sodium ethylate in ethanol). 
After 7 hours’ stirring at —65* C. to —70* C. t the mix- 
ture is poured into ethyl acetate, washed with water, 
dried and concentrated. The residue is purified bv silica 
gel chromatography (eluting with a mixture of benzene 
and ethyl acetate (3:1) to give oxide (3). Yield: 57.2%. 

(2) To a solution of oxide (3) (690 mg) in acetone (10 
ml) are added potassium iodide (883 mg) a^d acetyl 
chloride (0.339 ml) at — 35* C. After 90 minutes* stirring 
at —20* C. to —25* C., the mixture is diluted with ethyl 
acetate, washed with diluted sodium thiosulfate, and 
aqueous sodium hydrogen carbonate, dried, and con- < 
centrated to give sulfide (4). Yield: 85.6%. 

(3) To a solution of sulfide (4) (550 mg) in anisole (10 
ml) is added a solution of aluminium chloride (1.24 g) in 


o CH== CHCFj 

(3 > COGCHPb 2 

* (1) Yrifluoroacetaldehyde ethyl hemi ketal (4 ml) is 

added dropwise to phosphoric acid heating at 165* C. 
Evolving trifluoroacetaldehyde is condensed at —78* 
C. and dissolved in ethyl acetate (6 ml). 

’ (2) To a suspension of phosphorane (1) (1.38 g) in a 

mixture (60 ml) of dichloromethane and ethyl acetate 
(5:1) cooled at —70* C. is added the solution prepared 
as in above (1). After stirring at —70* C. for 10 minutes 
and 30 minutes at room temperature, the mixture is 
concentrated. The residue is purified by silica gel chro- 
matography (eluting with a mixture (9:1) of benzene 
and ethyl acetate) to give trifluorcpropene (2). Yield: 
91%. 

IR (CHCh) v: 3380. 1787, 1722, 1682 cm->. 

(3) To a solution of trifluoropropene (2) (292 mg) in 
benzene (5 ml) are added pyridine (89 microliter) and 
phosphorus pentachloride (208 mg). After 2 hours’ stir- 
ring at room temperature, the mixture is diluted with 
methanol (5 ml). After 15 minutes’ stLiing, the rerction 
mixture is diluted with ice- water, neutralized, and ex- 
tracted with ethyl acetate. The extract is washed with 
water, dried, anJ concentrated to give amine (3). Yicid: 
65%. 
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Preparation B-6 

7 beta-Amino-3-difluoromethyIthio-3-cephein-4-car- 

boxylic acid diphenylmethyl ester (7) 


CHjPh 

N S 

CHjPh 
->N S 

NCHOH 

O | 

COOCHPh 2 

<■) 

^ — NC=PPh 3 
O | 

COOCHPb 2 

(2) 


PhCHjCONH 


0 J— Nc=r>Phj 


< 4 ) 


( 3 ) 


PhCHjCONH 


XT 


| 


COOCHPh 2 


COCHjSCHFj 


C=PPh 3 

COOCHPh 2 


(?) 


PhCH 2 CONH 



CH 2 SCHF 2 
COOCHPh 2 


H 2 N 



40 

( 2 : 1 ) mixture) to give phosphoranilidene ester ( 2 ) (20. 13 
g) 

( 2 ) To a solution of phosphoranilidene ester ( 2 ) (16.65 
g) in dioxane (80 ml) are added a solution of 99 % silver 

5 perchlorate monohydrate (5.87 g) in water (19 ml) and 
aqueous 60% perchloric acid (7.96 ml) at room temper- 
ature. After stirring for 1 hour, the mixture is diluted 
with dichloromethane and iced water. The organic 
layer is taken, washed with water, dried, and concen- 

10 trated to give silver mercaptide (3). 

(3) To a solution of silver mercaptide (3) in hexame- 
thylphosphorotriamide (100 ml) are added I-(di- 
fluoromethyIthio)-3-ch]oroacetone (4) (3.95 g) and so- 
dium iodide (3.55 g). After 2 hour stirring at room tem- 

i5 perature, the reaction mixture is diluted with ethyl ace- 
tate and water. The organic layer is taken, washed with 
water, dried, and evaporated. The residue is purified by 
silica gel chromatography (eluting with benzene-ethyl 
acetate ( 1 : 1 ) mixture) to give ketone ( 5 ). 

2 C Above l-(difluoromethy]thio)-3-chloroacetone '4) 
can be prepared as follows; 


chf 2 sch 2 cxx>-chf 2 sch 2 cxx:h 2 o 


( 4 ) 


CH 2 SCHF 2 
COOCH?h 2 

(1) To.a suspension cf glycolatc ( 1 ) (22.8 g) in dichlo- 
romethane (300 ml) are added pyridine (4.63 ml) and 
thionyl chloride (4 ml) m — 20* C. to - -23* C. over a 24 
minutes period. After stirring for 10 minutes at —20* C. 
and for 30 minutes at 0* C, the reaction mixture is 
washed with ice water and dried over magnwSium sul- 
fate. To L* e solution are added pyridine (4.63 ml ) and 
triphenylphosphine (13 g). After stirring at room tem- 
perature for 2 hours and refluxing for 2 hours, the mix- 
ture is washed with water, and -purified by silica gel 
chromatography (eluting with benzene-ethyl acetate 


25 To a solution of diazomethane in ether (200 ml) pre- 
pared from N-nitrospmeihylurea ( 20.6 g) is added drop- 
wise a solution of diflucromethylthioacetyl chloride (10 
g) in ether (20 ml) under ice cooling over 20 minutes 
period. After stirring at 0* C. for 20 minutes and at room 
30 temperature for 2 'hours, the mixture is saturated with 
hydrogen chloride under ice cooling over 30 minutes. 
The reaction mixture is diluted with ice water, ether 
layer is taken, washed with water, dried, concentrated, 
and distilled to give (4) from fractions evaporating at bp 
35 (1 mmHg) 52*-53* C. as colorless liquid. 

(4) To a solution of ketone (5) (8.388 g) in toluene 
(200 ml) is added hydroquinone (180 mg) and refluxed 
for 14 hours. After evaporating toluene, the mixture is 
purified by silica gel chromatography (eluting with 

40 benzene-ethyl acetate ( 2 : 1 ; mixture) to give cephem ( 6 ) 
(4.42 g). 

NMR (CDC1 3 ) 6 : 3.58 (s, 2H;, 3.73 (s, 2 H). 

(5) To an ice cold solution of cephem ( 6 ) (4.42 g) in 
dichloromethane (80 ml) are added pyridine ( 1.35 ml) 

45 and phosphorus pentachloride (3.17 g). After stirring at 
0* C. for 10 minutes and at room temperature for 90 
minutes, the mixture is cooled to —45* C. to —55* C., 
mixed with cold methanol (1 10 ml), stirred at 0* C. for 
30 minutes, diluted with ice water, and neutralized. The 
50 organic layer is taken, washed with water, dried, and 
concentrated. The residue is purified by silica gel chro- 
matography (eluting with benzene-ethyl rxetate ( 2 : 1 ) 
mixture to give amine (7) (2.686 g). 

NMR (CDCI 3 ) 6 : 1.73 (brs, 2 H) ppm. 
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TABLE 2 (3) 

Carboxylic acids 


H 2 N 




Eiud< 



CIS: 



R 2 

R 3 




(KBr)v: 


pie 

No 

trans 

X 

R* 

R 4 

R 5 

R 6 

cxn“ * 

NMR 6(D?0): ppm 

No. 

18 

1:2 

so 

H 

CHj 

Na 

H 

H 

Na 

.400. 

3.65(brd. 3 -8Hz, 2H), 3.85-4.15(m. IH). 4.65-5.0 

0-1). 



0 







1775. 

(m. IH). 5.34. 5.43 (2 x d, J«5Hz, IH). 6.11. 6.23 

(5-2). 










1600. 

(2 x d. J = 5Hz. IH). 6.49 — 6.62(m. IH), 6.99. 

(4-2). 










1525, 

7.37(2 X t, 3 — 8Hz, IH). 7.03. 7.13(2 X a. 111). 











1410. 












1360. 



19 

!:l 

so 

H 

ch 2 

Na 

H 

H 

Na 

3400. 

3.65. 3.67(2 X d. 3 -8Hz. 2H). 5.42. 5.46(2 X d. 

0-2). 



0 







1770. 

3~4Hz. IH), 6.47. 6.53(2 X d, 3-4Hz. IH). 

(3-2). 










1600. 

6.55 — 6.62(m. IH). 6.97. 7.52(2 X l. 3 -8Hz. IH), 

(4-2) 










1525 

7.06, 7.14(2 X a, IH). 











1410. 












1360. 



20 

2:3 

0 

H 

ch 2 

Na 

OMc 

CH—CHj 

Na 

nd 

3.70(d. J — 8 Hi. 2H). 4.00, 4.08(2 X a. 3 H), 5.0- 5.3 

( 1 - 2 ). 











(ra. 2H). 5.55— 5.90(m, 3H). 6.94, 7.40(2 X t. J«8Hz, 

(3-2). 











IH). 7.07. 7.14(2 x u IH). 7.0— 7.50(m, IH). 

(4-2) 

21 

I : I 

0 

H 

ch 2 

H 

OMe 

McN N 

H 

1773. 

nd 

0-4) 










1670. 

1630 


(3-2). 

(4-2). 








CHjS 





22 

1:1 

0 

H 

ch 2 

Na 

OMc 

MeN N 

Na 

nd 

3.70<d. J «= 8Hz. 2H). 3.99, 4.07(2 X s. 3H). 4.50(s. 

( 1 - 2 ), 










3H), 5.63, 5.68(2 X t, IH). 6.95. 7.43(2 X t. 

(3-2). 










J«8Hz. IH). 7 05. 7.13(2 X s. IH) 

(4-2) 








ch 2 s n " 






TABLE 2 (4) 

Carboxylic acids 


cxs 

No trans Y 


R 2 R 3 



(KBr)v: 

R 5 R 6 cm" 1 NMR 6: ppm 


Exam- 

ple 

No. 


1 trans Pli 


CH: Na H 


Na >400, 3.47(d. J — 8Hz. 2H\ 3.65— 4.25{in, 2H). 5.35 (d. (1-2), 

1760, J-5Hx, 1H). 6. 15(d, J = 5Hx, 1 H). 6.66-6.76 (3-2). 

1650, (m, IH). 7.30(1, J = 8Hz. IK). 7.66 - 8.05<in. 5H) 

1585. P 7 O). 

1510. 

1410. 

1365. 


2 trans. CH 2 Na H 

LoJ- 

s 


N* 3395, 3-70(d. J = 8Hx, 2H), 3.60— 4.26(m, 2H). 5.56(d. (1-2). 

1760. J *» 5Hz, 1H). 6 16<d, J=*5Hz. 1H), 6.70- 6.80 (3-2). 

1650, (m. 1H). 7.25(1, J = 8Hx. 1H), 7.45-7.65(in, 

1385. ZH,. 7 C5-8 05<m. IH> fl>20) 

1510, 

1410, 

1365 


3 2:8 



S 


CH 2 Na 


McN- 


* N 


ch 2 s 


JL.OL 


Na 3400. 
1760. 
1660, 
1590. 
1385. 


3.66. 3.72(2 X d. 3 = 8Hz. 2 H), 3.90, 4.22 (1-2). 

(ABq. J»- 18Hz. 2H), 4.47(x, 3 H) 4.43. 4.81 (3-2). 

(APq. J«i4Hz. 2H). 5.56. 5.62(2 X d, J-5Hx. 

1HX 6.08. 1.20, (2 X d. J~5 Kju 1H), 6.80. 

7.26(2 X U 3-8 Hz, 1HX 7.5-8.05(m. 3 H). 
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TABLE 2 (4)-*continued 

Carboxylic acid* 



COOR 6 


cis: 

No trans R R- r3 r5 


IR 

(KBr)tr 

R 6 cm* * NMR 8: ppm 


Eum- 

pie 

No. 


1 2:1 N [— CHj N« H 

kOj 

s 


N* 342C. 3.63, 3.76(2 X d, J«8Hz. 2H), 3.7)-4.33<«n. (1-2). 

1760. 2H). 5.66(d, J-5Hx. IH). *22. 6.32(2 X dd. (3- 2 ). 

1635. J,«5Hz. J 3 «9Hx. lit), 6.7-6.83<m, 1H). 7.18. 

1383. 7.43(2 X U J«8 Hz, IH). 8.C2. 8.11(2 X d. 

1413. 3~2Hz. IH). 9.43. 9.31(2 X d. J«2Hr. 

1365. IH) [OjO). 


5 5:4 


4 h 2 n- 


o 


ch 2 h 


CH> Na 


Jk.O. K 

H:N S 


H 


H 


H 3430. 3.45, 3.57(2 X d, J~ 7.3Hz. 2H). 2H). 3.3- 3.6 (1-4), 

3360. (m. 2H). 5.10. 3.13(2 X d. J- 4.5Hz. IH). 5.80, (3-2). 

1772. 5.86(2 X d. J-4.5. IH), 6.55~6.73<m. IH). (4-2) 

1717. 6.65, 6.80(2 X i. IH), 6.67. 6*,78(2 X u 

1670. J-7.5HZ. IH)(CD 3 OD). 

1630. 

1520. 


Na 3400. 3.76. 3.81(2 X d, J~7Hz. 2H), 4.02(m. 2H). (1-2). 

1758, 5.63. 5.58(2 X d, J«3Hz. IH). 6.23. 6.32 (3-2). 

1655. (2 x d. J ** 5Hz. IH). 6.76(m. IH). 7.50. 7.56 (4-2) 

1590. (2 x i. J = 7Hz. IH) [D 2 O]. 

1365 


7 


H 2 N^ 


H H 


H 3352, nd 
1773, 

1716 


(l-«). 

(3-2). 

(4-2). 


TABLE 3 

Pharmaceutical cstcn 


R°NH 




-CONH 


CH 

CHiCOOR 3 



COOR 6 


Exam- 


No 

trans 

R° 

R 3 

R 6 

<CFCIj)v: 

cm - * NMX(CDC1 3 ) 6: ppm 

pk 

No. 

I 

Cli 

H 

H 

POM 

3420. 2980, 1780, 1.20(4. 9 H), 3.13-3.75(m. 4H). 5.04(d. J = 5Hx. 1 H). 5.81, 5.92(ABq. 

(3-2), 





* 

1730, 1660. 1630. J«6Hz, 2H). 5.90(d. J * 5Hz, IH). 6.40 - 6.70(m. 2H). *,.35(4. IH). 

(4-2). 






1530. 1480, 1390fKBrj. 

(>-2). 

2 

1:1 

H 

H 

POM 

3420. 2980, 1780. 1.20(s. 9H), 3.15-3.73<m. 4H). 5.04, 5.06(2 X d, J«5Hx. IH). 5.81. 

(3-2). 






1750. 1660. 1630, 5.92(ABq. J~6Hz. 2H). 5.85-3.59<in, IH), 6.40 - 6.70; 683-7.03 

(4-2). 






1530. 1480 I390fKBr). (2 X m. 2HX 7.37(i. IH) (CDOj- CDjOD]. 

(5-2). 

3 

1:1 

H 

POM 

POM 

3395. 3320. 1790, nd 

(4-3). 






1733. 1685. 1110, 

(5-2). 






988. 


4 

1:1 

H 

AOM 

AOM 

3380 3-10. 1790, nd 

(4-2). 






. 1741. 1687. 1 150, 

-(5-5). 






985. 


3 

1:1 

CBz 

Bzl 

POM 

nd 1.20(». 9H). 3.00-3.90(m. 4H). 5.13(4, 2 H). 5.10. 5.33; 5.15. 5.37 

(*-2). 






(2 X ABq, 12Hz, 2HX 5.55 -6.00(in, 3H\ 5.83. 5.92(2 X d. J = 5Hz. 







IH). 6.36 — 6.53(m. IH), 6.63. 7.07(2 X U J»8Hz. IH). 6.94. 6.96(2 x 4 . 







IH). 7.20— 7.50(m, 10H). 7.66, 8.05(2 X d. J-8Hx. IH). 
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TABLE 4-continucd 

Side chain fragment acids and derivatrves 


RNH 



C— COOR 1 
U 

CH 

CH* COOR 2 


R 

R* 

R J 

IR (Nujol)v: cm -1 

22 Cbz 
(1 cis: 

2 Irani) 

H 

CMe 2 

CH 

It 

CH 2 

3175. 2520(br). 
1732. 1659. 1071. 
mp. 167-168* C. 
(decomp.) 

23 Cbz 

(1 CIS: 

2 irarn) 

H 

CH 2 

CH 

II 

CMei 

3150-2200. 1725. 
1675. 1620. 1585. 
mp. 170- 171* C. 

24 Cbz 

H 

CH 2 

CH 

II 

CHPh 

nd 

25 H 

(HC1 salt) 

Me 

Me 

3200. 1720. 1625. 
1605. (CHCJi). 

26 BOC 
(tram) 

Me 

Me 

3415. 1720. 1541 
1155 ICHCij) 

27 BOC 

(CIS) 

Me 

Me 

3410. 1720. 1541. 
11 50(CHC1 3 ] 

28 Cbz 

Me 

Me 

3390. 1720, 1540 
ICHCI3J 

29 Clz 

Et 

Et 

3395. 1720 
ICHClii 

30 Cbz 

Bzl 

Bzl 

3400. 1725 
ICHCI3J. 

31 Cbz 

PMB 

Bz) 

nd 

32 Cbi 

BH 

Bzl 

3490. 1725 
ICDClj] 

33 HCO 
(trans) 

Me 

Me 

3? 80. 3140. 1722. 
1705, 1695 

(CDClj] mp. 100* C. 

34 HCO 
(ci / 

Me 

Me 

3390. 3150, 1715. 
1700, 1535 
(CHOj). 

35 HCO 
<cis) 

Me 

t-Bu 

3380. 1710, 1540 
I CHCI3). 
mp 101-104* C. 

36 HCO 

Me 

t-Bu 

nd 

(trans) 

37 C t CH 2 CO 

Me 

Me 

nd 

(trans) 

38 CICHjCO 
(cis) 

Me 

Me 

3470. 1725. 17)5. 
1680. 1535 

[CHCI3]. 

39 Ph 3 C 
.(3 cis 
2 trans) 

Me 

Me 

3380. 1,20. 1703. 
1500, 1480. 1425 . 

fCDCb). 


NMR 6: ppm 

1.98<i. 3H). 2.03<s, 3H). 3 82<d J = 8Hz 4/3H). 
3.86(d. JesfiHz. 2/3H), 4.87(d. J«7Hz, 2H). 3.64 
(ii 2H). 5.52 — 5.7 l(m. IH). 7.21(1. J «SHz. 1/3H). 
7.65 — 7.69(m. 5 + 2/3H) (CD3SOCD3 — CD3ODJ 


1.67(1, 3H). 1.72(s, 3H), 3.22(d. J~7Hz. 2H). 
4.54(brd. f~8Hz, 2H). 5.23(s. 2 H). 5.30(brt. J = 
8Hz. IH). 6.38(1. IH). 6.99(1. IH). 7.40<m. 

J — 7Hz. 6 K) [CDjSOCDj]. 


TLC[EtOAc/CHCl 3 (l:I)): Rf«0.2 


3.44(d. J-7Hz. 2H). 3.75(s. 3H). 3.85, 3.88(2 x 1. 
3H), 6.70, 6.75(2 X a. IH). 6.97, 7.43(2 X t. J«7 
Hz. IH). ICDCI3— CDjOD\ 

1.52(1. 9H). 3.54(d. J- 6.5Hz. 2H). 3.64(*. 3H). 
3.76(1. 3H). 7.11(1, IH). 7.18(1. J = 6.5Hz. IH). 

9.12 (bn. IH) (CDClj). 

1.51(1. 9H), 3.54<d. J~6.5Hz. 2H). 3 .69(1. 3H). 
3.83(1, 3H). 7.03(s. IH). ?.08(i. J = 6.5Hz. IH). 

9. 12(brs, IH) [CDCI3] 

3.41. 3.48(2 x d. J~8Hz. 2H). 3.65. 3.73. 3.69. 
3.83(4 x 1. 6H). 5.24(i. 2H). 7.00-7.37(m. 7H) 
(CDClj]- 

1.19. 1.20. 1.22. 1.30(4 x t, J = 8Hz. 6H). 3 34. 
3.42(2 x d. J = 8Hz. 2H), 4.08. 4.12. 4.15. 4.24 
(4 x q, J*=8Hz. 4H). 5.21. 5.22. 5.24(3 x 1, 2H). 
7.03. 7.13(2 x U J = 8Hz, IH). 7.03(1, IH), 7.3 l(s. 
5H), 10. 15(bn, IH) (CDOj). 

3.31. 3.42(2 X d. J*=7Kt, 2H), 5.01. 5.03. 5.11 
5.17(4 x .. 6H;. 6.96-7.30(m. I7H). 10.l9(bre. IH) 
[CDQ3). 

3.40(d. J = 7Hz, 2 H). 3.75<i. 3H). 5.10(s. 2H). 

5.1 Ms, 2H). 5.20(s, 2H). 6.8-7 4(m. 16H) 

ICDa 3 ]. 

3.34, 3.40(2 X d. J*7Hz, 2H). 5.02. 5.05. 5.09. 
5.17(4 x 1. 4H). 6.8— 7.4(ro. 23H). 5.90(brv IH) 

(coa 3 ). 

3.46(d, 7.5Hz, 2H), 3.66<s, 3H), 3.78<i, 3H). 

7.05(1, IH). 7.24(t. J = 7.5Hz, IH). 8.49(s. IH) 
(CDajJ. 

3.56(d. J- 7.0Hz. 2H). 3.73(v 3H). 3.84(s, 3H). 
7.02(1. J«=7Hz. IH). 7.12(1. 1 H), 8.55<s, IH) 

ICDo 3 ]- 

1 47(i. 9H), 3.50(d. J = 7Hz. 2H). 3.86(1. 3H). 

7.07(1, J«=7Hx, IH). 7.|3(i, IH). 8.60(1, IH) 
(CDOj). 

1.44(*. 9H). 3.27(d. J *=• 7Hz. 2H). 3 80(i, 3H). 

7.05(1. 1 H). 7.31(1. J- 7Hz. IH). 8.52(1. IH) 
(CDOj). 

3.50(d. J** 6.5Hz. 2H). 3-68(s. 3H). 3.79<s. 3H). 
4.25(1. 2H). 7.24(1, IH). 7.24ft, 6.5Hz, IH) 

(CDOjj. 

3.60(d, J«7Hz, 2 H), 3.75(s, 3H). 3.87(i. 3H), 

07(1, 2H). 7 18(1. IH), 7 I8(t, J«7Hz. IH) 
fCDCIj]- 

3 43(d. J*= 6.5Hz. 2H), 3.26. 3.64(2 X 1. 3 H). 3.70. 
3.75(2 X 1.-3H). 6.44. 6.63(2 x 5, IH). 6.54. 6.70 
(2xi, IH). 7.010, J = 6.5Hz. IH). 7.25<s. 15H) 
[CDCI3). 


What we claim is: 

1. A compound of the formula 


4 , 634,697 
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COOR 6 


wherein 

R is 2-aminothiazol-4-yl the amino group of which is 
unprotected or protected with a protecting group, 
is (I) hydrogen, ( 2 ) a pharmacologically accept* 
able salt forming group, (3) phthalidyl, (4) phena- 
cyl, (5) C 2 - 7 alkenyl, ( 6 ) diphenylmethyl, (7) trityl, 
( 8 ) phenylalkyl of 7 to 15 carbon atoms said group 
being unsubstituted or substituted by alkyl of 1 to 4 
carbon atoms, alkoxy of 1 to 2 carbon atoms, nitro, 
amino or hydroxy or (9) a lower alkyl group, 

R 5 is hydrogen, methyl, vinyl, cyanovinyl, trilluoro* 
propenyl, methoxymethy* carbamoyloxymeth^l, 
methylthiomethyl, cyanomethylthiomethyl, 

thiadiazolylthiomethyl, triazolylthiomethyl, 

aminomethylthiadiazolylthiomethyl, amino- 

thiadiazolylthirmethyl, methoxy, fluoroethylthio, 
trifluoroethylthio, or halogen, and 

R 6 is (!) hydrogen, ( 2 ) a pharmacologically accept- 
able salt forming atom or group, (3) a lower alkyl 
group, (4) a lower alkenyl group (*' phthalidyl, ( 6 ) 
phenacyl, (7) diphenylmethyl, ( 8 ) trityl or (9) 
phenylalkyl of 7 to 15 carbon atoms said group 
being unsubstituted or substituted by alkyl of I to 4 
carbon atoms, alkoxy of 1 to 2 carbon atoms, nitro, 
amino or hydroxy. 

2. A compound according to claim 1 wherein 

R 3 is hydrogen or a pharmacologically acceptable 
salt forming group, 

R 5 is hydrogen, methyl, vinyl, trifluoropropenyl, 
methoxymethyl, carbamoyloxymethyl, methylthi- 
omethyl, cyanomethylthiomethyl, thiadiazolylthi- 
omethyl, methoxy, fluoroethylthio, trifluoroetn- 
vlthio. o r halogen, and 

R 6 is hydrogen or a pharmacologically acceptable 
salt forming atom or group. 

3. A compound according to claim 1, said compound 

being 7beta-[2-(2-aminothiazol-4->l)-4~carboxy*2- 

butenoylamino]-3-cephem-4-carbcxylic acid. 

4. A compound accord ; ng to claim 1, said compound 

being 7beta-[2-(2-aminothiazol-4-yI)-4-carboxy-2- 

butenoylamino]-3-methyl-3-cephem-4-carhoxylic acid. 

5. A compound according to claim 1, said compound 

being 7beta-[2-(2-aminothia^o! -4-y !)-;-cArboxy-2- 

butenoylamino]-3-vinyl-3-cephem-4-carboxylic acid. 

6 . A compound t ccording to claim 1, said compound 
being - 7beta-[2-(2-aminothiazol-4-yl)-4-carboxy-2- 


10 


15 


butenoylaminoJ-3-trifluoropropeny!-3-cephem-4-car- 
boxylic acid. 

7. A compound according to claim 1, said compound 

being 7beta-[2-(2-aminothiazol-4-yI)-4-carboxy-2- 

5 butenoylamino]-3-carbamoyloxymethyl-3-crphem-4- 
carboxylic acid. 

8 . A compound according to claim 1, said compound 

being 7beta-[2-{2-aminothiazol-4-yl}-4-carboxy-2- 

butenoylamino]-3-melhoxymethyl-3-cephem-4-car- 
boxylic acid. 

9. A compound according to claim 1, said compound 
being 7beta-[2-(2-aminothiazol-4-yl)-4-carboxy-2- 
butenoylamino]-3-methylthiomethyl-3-cephem-4-car- 
boxylic acid. 

10. A compound according to clahc 1, said com- 
pound being 7bcU-[2-<2*aminothiazol-4-yI>4-carboxy- 
2-butenoylaminoJ-3-cyanomethylthiomelhyl-3-cephem- 
4-carboxylio acid. 

20 11. A compound according to claim 1, said ■ om- 

pound being 7beta-[2-(2-aminothiazol-4~yl}-4-carboxy- 
2-butenoylamino]-3-l,2,3-triazol-5-yl thiomethyl-3- 
cephem-4-carboxylic acid. 

12. A compound according to claim 1, said com* 
25 pound being 7beta-[2-(2-aminothiazoI-4-yl)-4-carboxy- 
2-butenoylamino]-3-l,2,3-thiadiazol-5-yl thiomethyl-3- 
cephem-4-carboxyIic acid or 7beta-*2-(2-aminothiazol- 

4- yl)-4-carboxy-2-butenoylamino]-3- 1 ,3,4-thiadiazol- 

5- yl thiomethyI-3-cephem-4-carboxylic acid. 

50 13. A compound according to claim 1, said com- 

pound being 7beta-[2-(2-aminothiazol-H~yl)-4-cartk.*xy- 
2-butenoylamino]-3-methoxy-3-cephem-4-carboxylic 
acid. 

14. A compound according to claim 1, said com- 
pound being 7beta-[2-(2-aminothiazoI-4-yl)-4-carboxy- 
2-butenoylamino]-3-chloro-3-cephem-4-carboxylic 
acid. 

15. A compound according to claim 1, said com- 
^ pound being 7beta-[2-<2-aminothiazol-4-yl>-4-carboxy- 

2-butenoylamino]-3-2-fluoroethylthio-3-cephem-4-car- 
boxylic acid. 

16. A compound according to claim 1, said com- 
pound being 7beta[2-(2-aminothiazol-4-yl)-4-carboxy-2- 
butenoylamino]-3-2,2,2-trifiuoroethyhhio-3-c^phem-4- 
carboxylic acid. 

17. An antibacterial composition which comprises an 
anti bacterial !y effective amount of a ccm pound of claim 
1 and a pharmaceutically acceptable carrier therefor. 

50 18. A method for combatting bacteria which com- 

prises bringing an antibacterially effective amount of a 
compound of claim 1 into contact with the bacteria. 
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TABLE 4 

Side chain fragment acids and derivatives 


N 


RNH 




S 


J 


C— COOR 1 


CH 

CH 7 COOR 2 


R 

R> 

R 2 

IR (Nujol)v; cm“ 1 

NMR 5: ppm 

1 BOC 
(cts) 

H 

H 

3120, 1700. 1675, 
dp 153-154* C. 

1.50(s, 9HX 3-45{d. J* 7.5Hz. 2 H). 7.00<U J = 7.5 
Hz. 1HX 7.13<s. 1 H) [CD 3 SOCD 3 ). 

2 BOC 
(trans) 

H 

H 

3150. 1700. 1630. 
1600. 

dp 165- *67* C. 

1.49(s, 9 H). 3.4l(d. J* 7.5Hz. 2H). 6.89(u 3*7.5 
Hz. 1 H). 7.08(i, 1 H). [CD 3 SOCD 3 J 

3 CBz 

H 

H 

3200. 1*38. 1715. 
1690. 

dp 169-172* C. 

3.44. 3.50. (2 X d. J* 8 Hz. 2H). 5.25(1, 2H). 7.07. 
7.35(2 X U 3 ■* 8 Hz, 1H). 7.12(s. 1H). 7.38(bra, 5H) 
[CDCI 3 + CD 3 ODJ 

4 HCO 

H 

H 

3400. 1718. 1690. 
1630. 1550. 
dp 168* C. 

3.45. 3.63(2 X d. J- 7.5Hz, 2H). 7.14. 7.32(2 X U J * 
7.5Hz. 1 H). 7.23. 7.25(2 x t, IH), 8.5l(s, 1H) 

JCTXHj + CD 3 ODJ 

5 CICHjCO 

H 

H 

3100. 1720. 1685, 
1620. 

dp 153-155* C. 

3.451 d. J- 8 Hz. 2 H). 4.37(s, 2H). 6.97. 7.05(2 X U 
J “ 8 Hz. 1HX 7.23. 7.27(2 X s. IH) ICD 3 SOCD 3 ). 

6 BOC 

H 

Bzl 

3160. 1740. 1724, 
1700. 1678. 1255, 
1168. 

3.95(d. J* 7.5Hz. 2 H), 5.50(s. 2H), 7.26 (u J = 7.5 
Hz. IH). 7.30(!,ts. IH), 7.49(«, IH). 7.73(s. 

5 H). U. 86 (brs. IH) [CD 3 SOCD 3 J. 

7 HCO 

(1 Cts: 

2 trans) 

H 

t-Bu 

3150. 3100. 1720, 
1690. 1635. 
mp 185- 188* C. 

1.40(s. 9H). 3.43(d, 3 « 7Hz. 2H). 6.89. 7.00(2 x t. 
3 « 7Hz. 1 H). 7.20. 7.26(2 X s. IH). 8.48<s. IH). 
(CD 3 SOCD 3 ). 

8 HCO 

H 

Bz) 

1735. 16*0. 1620. 
dp 153- 155* C. 

3.69(d, J * 7Hz, 2 H), 5. 1 2(s. 2H). 7. 1 7(u J « 7Hz. 
IH), 7.2 l(s, IH). 7.32(s, 5 H). 8.46(». IH) 
ICD 3 SOCD 3 ) 

9 ClCH 2 CO 

H 

Me 

nd 

3.39(d. J- 7.5Hz, 2H). 3.70(s, 3H). 4.24(s, 2H). 
7.1 1 (s. IH). 7.23(1, J* 7.5Hz, IH). 9.37(bn. 
2 H) (CDa 3 ]. 

10 CICHjCO 

H 

Bzl 

1726. 1685. 1)60. 
dp 155* C. 

3.95, 4.01(2 X d, J»7.5Hz, 2H). 4.71(s, 2H). 5.45. 
5.47(2 X s. 2H). 7.28, 7.40(2 X U J*7.5Hz, IH). 
7.58, 7.65(2 X s. IH). 7 70(s, 5H). 12.9 (bn, IH) 
(CD 3 SOCD 3 ) 

1 1 Cbz 

H 

Me 

3400 - 2300. 1740. 
1550. 

3.58 — 3.73(m. 2H), 3.63(s. 3H), 5.27(s. 2H). 7.03- 
7.46(m. 7H). [CD 3 SOCD 3 ] 

12 Cbz 
(trans) 

H 

i-Bu 

3160-2200. 1720. 
1680. 1635. 
mp 169-171* C. 

1.42(s, 9H), 3.53(d, J*7Hz, 2H). 5.29(s, IH). 
7.27(t, 3 « 7Hz, IH). 7.35<s. IH). 7.30 - 7.50(m. 
5H) (CD 3 COCD 3 ]. 

13’ Cbz 
(cis) 

H 

t-Bu 

. nd 

1.44(s. OH). 3.53(t\ J * 7Hz. 2 H). 5.27(s, ?H). 
7.13(i. J»7Hz. IH). 7.24(s. IH). 7.30-7.47(m, 
5H) [CDa 3 ]. 

14 Cbz 
(2 cis: 

1 trans) 

H 

Me— Bzl 

3150-2050. 1720. 
1670, 1620. 1570. 
mp. 160- 163* C. 

2.33(s. 3H), 2.53, 2.70(2 X d, J* 8 Hz, 2HV 5.1 i(s, 

2H). 5.26(s. 2H). 6.99 - 7.40(m, I 0 H) ICOCI 3 — CD 3 OD], 

IS Cbz 
(2 cis: 

3 trans) 

H 

BzJ 

1725, 1675, 1620. 
1575. 

rep. 164-166* C. 

3.51. 3.73(2 X d. J = 7Hx. 2H). 5.13(s. 2H). 5.26 
(V 2H). 7.06. 7.10(2 X s, IH). 7.0-7.5(m. I1H) 
[CDOj — CD 3 ODJ. 

16 Cbz 

H 

PMB 

1720, 1575, 1515. 
mp. 145-148* C. 

3.80(d. J« 8 Hz. 2H). 3.90(s. 3H). 5.20(s, 2H), 
5.33(s. 2 H), 7.00(s. IH). 6.85-7.60(m, 10H) 
ICDCI 3 — CD 3 OD). 

17 H 

(HC1 sail) 

Me 

H 

3330-2450. 1720, 
1680, 1630. 

3.39(d, J-7Hz, 2 H). 3.73(s. 3H), 6 . 88 <s, IH), 
7.25(1, 3 = 7Hz. IH) [CD 3 SOCD 3 ]. 

18 Cbz 
(1 Cis: 

2 trans) 

H 

C HI 

CH 

II 

ch 2 

3515. 2480(br). 
1736, 1549, 1305. 
1086 (CHO 3 ). 
mp. 122-133* C. 

3.35(d, J« 8 Hz. 4/3 H). 3.68(d. J* 8 Hz. 2/3 H). 4.56 
(d, J« 6 Hz, 2H). 5.1 1 — 5.37(m. 4H). 5.65-6.15(m. 
IH). 6.90 — 7.41 (m. 7H). 9 82(bs, 2H). [CDCI 3 ). 

19 Cbz 
(1 cis: 

3 trans) 

H 

CHMe 

1 

CH 

II 

ch 3 

3420, 2500(br), 
1732, 1549, 1302. 
in**: CHCI 3 ) 
mp. 127-131* C. 

1. 16(d. J * 7Hz. 1/2H). l.?9(d. J * 7Hz, 5/2H), 3.46 
(d. J~ 8 Hz, 5/3 H). 3.68(d. J* 8 Hz. 1/3H). 5.05-5.49 
(m. 3HX 3.16(1. 2 H). 5.66 - 6 . 02 («n. IH). 7.08-7.75 
(m. 7 H) [CDOj — CD 3 OD). 

20 Cbz 
t'9 cis: 

H 

ch 2 

3420. 1736. 1548, 

1 j 07, 1085 (CHCli) 

1 . 73 ( 1 . 3H). J,52(d. J * 8.5Hz. 11 / 10 H). 3.73 
(d. J* 8.5Hz. 9/I0H). 4.54<i, 2H). 4 95(bn. 2H). 

11 . trans) 


CMe 

« ; 
CH 2 

•mp. 120-123* C. ~ 

5.26(1, 2H), 6.99 — 7.46(m, 7 H).,[CDCl 3 r-CD 30 D) 

21 Cbz 
(1 cis: 

4 trans) 

H 

ch 2 

CH 

II 

CHMe 

3415, 1732, 1548, 
1304, 1076 (CHCb) 
mp 139-142* C. 
(decomp.). 

1.67(d, J * 6 Hz, 3H). 3.44<d, J* 8 Hx, 8/5H). 3 64 
(d, J* 8 Hz. 2/5H), 4.49(d, J * 6 Hr. 2 H). 5.23(s, 
2H). 5.35 — 6.05(^1. 2H). 7.05-7 41 v m. 7H) 

(CDaj-CDa 3 ]. 


EXHIBIT IV 



August 25, 


1988 


Liilian Gavrilovich, M . D , , Acting Director 
Divi s i°n of Anti-infective Drug Products 
Food and Drug Administration 
CDER - II, HFD-520 

Document Control Room 12B-30 
5600 Fishers Lane 

Rockville, Maryland 20857 

INVESTIGATIONAL NEW DRUG APPLICATION FOR CEFTTRTTTFM 
<sch 39720). SUSPENSION - SERIAL 

Dear Doctor Gavrilovich: 


SUBJECT; 


Ceft ibuten (Sch 39720), Oral-Susp pn.^n 


?9le'^ S £ e "K i0n ' “ requested by the Dlvlsionon kulust' 3 

£ aoKn a N^?L C |r^ufD??is!orj"d M H; E ^ lYn ^ 

was *s tarted"under ‘ ind^O ^ 303 ? n the ^uVst' 

“ se : the D * vlsion has allowed investigation of ’the ceftibu 
assigned -IND number f or^he^ef tibitfi^ral-sSOpOnsiOn. thS 


Division 
Page 2 


of Anti-Infective 


Drug 


Products 


August 25, 1988 


°| f ive vIlraSs t ihich°Ice e |rganiIed 0 ' al ' SUSpenSion consists 

i2ii irco^it 

als 0 contains a Table of Cont.nts^^t^t’Jp.cff 

?«si°s5ssnsr , s;i5rs 11 ij, t si; 

?ler?a^o mb 0i r 5? 3 ' ^I 1 7 t! Ser f? 1 No ’ “»=> «nS'J2ne S l0 J 9 Jf‘ 

ceftibuteS pediltric in!i° na ^ ly ' ‘information related to IL 

Part^f 

cross-reference ‘is *' 

for any chemistry, manufacturing Xnr! ^°F ce ftibuten capsules 
preclinical and clinical da tf Sh,-^ Con * ro1 data and for an? 
IND application for cef tibu^nfalV^sp^iJ^ 6 ^^ 6 t0 th * 

stydy in pediatric paddts^as 3 ! 6 * 7 f n ? P harm acokinetic 
rate investigated S5dJ! Jib 30 30 !" by two sepa- 

study are diicussed in Attachm?^ 0 !* * he detai l® of thif 
application. Protocols for two addition* ? ta ? h !?? nt 9 of this 

fJ? C df ed ln Attachment .6' and wSrendi?2, *i Stud i es are also 
30,303 (Serial No. 017) sinno „_ P eviously submitted to IND 
study (No. C88-065, "A Mul?i2nL W c f 1 ?" to start the one 
cacy Trial of CeftibuteS (|?h 3972of e i? r |.J 0l S rance ' and Effi ~ 
Group a Streptococcal Ph arvnUi In ^ he Treatment of 
Fever in Children and Adole^Ients" ) iS®^ 11 ^?, and Scarl ®t 
follows by the other study (No C87 li? he «o a11 °f this year. 
Efficacy and Safety of Cef tibuten C ?^h 1 ?QT>S? mparison of the 
Penicillin V in the Treated ~?V Ch 39720 ) with that of 
Pharyngitis, Tonsillitis e Group A Streptococcal 
Adolescents"), we iould likf tS“nIw in Childcen «»d 

you concur with the design of these studied? 38 P ° sslble if 

ponS^r^t^t‘eS h tlch I S5?2 5 Sl 93 “rii s NeW ?'“« *PPUca- 
lnr5i‘ll 0n re C SSi‘r^ d su‘S^ie n n % H ‘ 

Scher ing n corporation U ‘ en ^ 


Sincerely, 


vJ« a ^e e s r i^nf ia,Ulnt °'^ h - D ' 

Regulatory Affairs 


EFB/dv 

Enclosures 


DEPARTMENT OF HEALTH & HUMAN SERVICES 
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Food and Drug Administration 
Rockville MD 20857 


SEP -6 1988 


IND 32,024 


Sobering Corporation 
2000 Galloping Hill Road 
Kenilworth, NJ 07033 


i- J 

Dear Sir/Madam: 

We are pleased to acknowledge receipt of your Notice of Claimed Investigational Exemption for a New Drug 
(IND) submitted under section 505(f) of the Federal Food, Drug, and Cosmetic Act. Please note the following 
i identifying data: 

IND Number Assigned: 32,024 
Sponsor: Schering Corporation 

Name of Drug: Cef tibuten (Sch 39720), Oral-Suspension 
Date of Submission: August 25, 1988 

Date of Receipt: August 29 , 1988 

IT IS UNDERSTOOD THAT STUDIES IN HUMANS WILL NOT BE INITIATED UNTIL 30 DAYS AFTER 
j THE DATE OF RECEIPT SHOWN ABOVE. If, within the 30 day period, we notify you of serious deficiencies 
that require correction before human studies can begin or that would require restriction of human studies until 
correction, it is understood that you will continue to withhold or restrict such studies until you are notified 
that the material you have submitted to correct the deficiencies is satisfactory. 

You are responsible for compliance with the Federal Food, Drug, and Cosmetic Act and Regulations. This 
responsibility includes the immediate reporting of any alarming reactions in either animal or human studies, 
and submission of progress reports at intervals not to exceed one year. 


FORM FDA 3228a (6/82) 


U. S. GOVERNMENT PRINTING OFF ICE- 1 984-447-553/7406 
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IND 32,024 

A, Sponsor of th. di-tical „ody Propo»d in thi, IND, yoo .r. now fro. ,o obtain auppHar o, i„,«i wt i„„al drug. 

Should you have any questions concerning this IND, please call: Mrs . Evelyne p hllllp . 

Consumer Safety Officer 
(301)443- 6 79 7 




<3 

O 


Lf> 


Please forward all future communications concerning this IND in TRIPLICATE 
and addressed as follows: 


IDENTIFIED with this IND NUMBER 


Food and Drug Administration 

Center for Drugs and Biologies, HFN-815 

Attention: DOCUMENT CONTROL ROOM (12B-30) 

5600 Fishers Lane 

Rockville, Maryland 20857 


Sincerely yours. 


Supervisory Consumer Safety Officer 
Division of Anti-Infective Drug Products 
Center for Drugs and Biologies 




CC: 

Orig. File - pink 
Division File - yellow 
Division CSO - blue 

ACKNOWLEDGEMENT 

FORM FDA 322 8e (5/B^) 


V.S. GOVERNMENT PRINTING OFFICE: 1984 - 444-900/7357 
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Schering-Plough 

Research 



Schering-Plough Corporation 
20C0 Galloping Hi!! Rc-ao 
Kenilworth, Mew Jersey 07033-0530 
Telephone (908) 298-4000 
Telex 6853298 SP KEN 


December 20 , 1991 


Murray Lumpkin, M.D., Director 
Division of Anti-Infective Drug 
Products 

CDER-H, HFD-520 

ATTN: Document Control Room 12B-30 
5600 Fishers Lane 
Rockville, Maryland 20857 


SUBJECT: CEDAX® (brand of ceftibuten) 

Powder for Oral Suspension 
New Drug Application No. 50-686 


Dear Dr. Lumpkin: 

Submitted herewith is our New Drug Application for CEDAX (ceftibuten) Powder for Oral 
Suspension, 90 mg/5 ml and 180 mg/5 ml, licensed from Shionogi & Co., Ltd. of Osaka, Japan. 
It is a prescription medicine, (class - cephalosporin) which is intended for once daily 
administration in the treatment of Pharyngitis, Otitis Media and Urinary Tract Infections. 

Reference is made to a companion New Drug Application for CEDAX (ceftibuten) Capsules 
(NDA No. 50-865) which is being submitted concurrently with this Application. The Capsule 
product is intended for once daily administration in the treatment of Acute Bronchitis and Acute 
Exacerbations of Chronic Bronchitis and in Urinary Tract Infections. Reference is also made 
to IND 32,024 under which investigations of the Powder for Oral Suspension formulation were 
conducted and to IND 30,303 under which investigations of the Capsule formulation were 
conducted. 

The active ingredient is ceftibuten, a cephalosporin carboxylic acid, the drug substance, 
ceftibuten dihydrate, is manufactured by Shionogi & Co., Ltd. for use by Schering Corporation 
of New Jersey to manufacture, package and label the drug product. 



Division of Anti-Infective Drug Products 
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Reference is made to meetings of September 14, 1988, August 31, 1990, October 9, 1990, 
March 25, 1991 and April 25, 1991 where design of the clinical program and subsequently the 
content and format of this NDA were defined. Please refer to our Minutes of Understandings 
from these meetings which were submitted November 15, 1988 (IND 30,303 serial number: 
023), February 26, 1991 (IND 30,303 serial number: 050), and May 10, 1991 (IND 30,303 
serial number: 060). 

At the End of Phase II meeting on September 14, 1988, Phase II clinical study results for lower 
respiratory tract infections were presented and plans for the Phase m clinical program in lower 
respiratory tract infections, urinary tract infections, pharyngitis and otitis media were discussed. 
The plans for comparators, projected numbers of evaluable patients, single blind study designs, 
and conduct of multicenter studies both in the U.S. and internationally were all acceptable to the 
Division. 

At the August 31, 1990 Clinical Pre-NDA meeting, the planned indications, dosage regimens 
and clinical study results for the Capsule and Suspension NDAs were reviewed. The NDA 
clinical pharmacology program was also reviewed including food interaction studies. The 
Biopharmaceutics Division requested three additional studies: ranitidine interaction, multiple 
dose pharmacokinetics of ceftibuten 400 mg once daily in adults and an antacid interaction study. 
Requested studies which were not completed by NDA submission could be submitted during the 
review period. NDA format plans for general organization, integrated safety and efficacy 
summaries, presentation of adverse events. Case Report Forms to be included, and safety 
summaries of Japanese clinical investigations were all acceptable. 

At the follow-up October 9, 1990 Clinical Pre-NDA meeting with Drs. Lumpkin and Burlington, 
agreements were made on the nature and extent of clinical data to be included in each NDA in 
support of the proposed, indications. The background for these agreements as well as the 
agreements themselves are reviewed in the Application Summary - Overview of Clinical 
Investigations in Volume 1.2, Section H.II.B, pages 02 0152 to 02 0162. 

At the March 25, 1991 Clinical Data Listing meeting with Drs. Leissa and Albueme, final 
clinical data listing formats incorporating Dr. Leissa’s requests were reviewed and agreed upon. 
"Patient Profiles" would be prepared for each patient and included in the NDA as Case Report 
Tabular Summaries. Listings of "Summary Patient Information" would be included in each 
clinical study report as an Appendix. 

At the April 25, 1991 Chemistry Pre-NDA meeting with Mr. Silver, our plans for manufacture 
of the drug substance involving sourcing of intermediates, lot combination for drying and surface 
area specifications were reviewed. The impurity/decomposition profile was also reviewed along 
with shelf-life and storage conditions. Finally, our plans for manufacture of the drug product 
including stability overcharge and nitrogen overlay for the suspension product were discussed. 
Our plans were acceptable. 
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Our non-clinical toxicology program was submitted for review and agreement on November 9, 
1989 (IND 32,024 serial number: 016). In a teleconference with Dr. Browder on December 15, 
1989, it was agreed that the only additional studies needed for the Suspension NDA were one 
month multidose studies in 4 day old rats and in 2 week old dogs in order to support pediatric 
use down to 6 months of age. 

Our toxicology program consisting of both completed and planned studies to support the safety 
of degradation (related) compounds in ceftibuten product were submitted for Agency agreement 
on June 8, 1990 (IND 32,024, serial number:026). During a July 27, 1990 teleconference and 
subsequently at the Chemistry Pre-NDA meeting of April 25, 1991, the Agency appeared 
satisfied with our toxicology programs and chemical characterization. 

With regard to the environmental assessment (EA) requirement, a telephone call was held with 
Dr. Sheldon on September 20, 1991 to discuss Schering’s proposal for submission of required 
information in this NDA. As per this conversation, we are providing an interim EA which 
includes all available information and we note in each section, as appropriate, the additional 
information required and target dates for that information to be provided. 

This application consists of 122 Volumes which are submitted according to 21 CFR 314.50. 
The application is organized into Sections 1-13 following the format of Application Form FDA 
356h which accompanies this Application. The Location Index, which is included in Volume 
1.1 itemizes the overall contents of the entire NDA. In addition, each individual Volume 
contains a detailed Table of Contents for that Volume. Each Section is numbered sequen tiall y 
from 1 through to the end of the Section except for the Clinical Data Section which is numbered 
sequentially within each subsection. The case report forms have been submitted only with the 
Archival copy. 

A Desk Copy of the Case Report Tabular Summaries containing individual Patient Profiles is 
being provided under separate cover to Dr. Leissa, the Medical Reviewer, at his request. 

Please be advised that material and data contained in this submission are confidential. The legal 
protection of such confidential material is hereby claimed under applicable provisions of 18 
U.S.C., Section 1905 or 21 U.S.C, Section 331 0 ). 

Sincerely, 


Douglass B. Given, M.D., Ph.D. 

Vice President 

U.S. Regulatory Affairs 


DBG:kw 
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EXHIBIT VIb 

50-686 


Douglas B. Given, M.D., Ph.D. 

Vice President 
U.S. Regulatory Affairs 
Schering-Plough Corporation 
2000 Galloping Hill Road 
Kenilworth, NJ 07033-0530 

Dear Dr. Given: 

We have received your New Drug Application (NDA) submitted 
pursuant to section 505(b) of the Federal Food, Drug, and 
Cosmetic Act for the following: 

Name of Drug Product: Cedax (ceftibuten) Powder For 

Oral Suspension 

Date of Application: December 20, 1991 

Date of Receipt: December 23, 1991 

Our Reference Number: NDA 50-686 

Unless we find the application not acceptable for filing, the 
filing date will be February 23, 1992. 

Please begin any communications concerning this application by 
citing the NDA number listed above. Should you have any 
questions concerning the NDA, please contact Mr. Carmen DeBellas 
Project Manager at 301-443-6797. ' 

Sincerly yours, 


D. B. GIVEN 
JAN 91992 


Food and Drug Administration 
Rockville MD 20857 


JAN 7 1992 



NDA 


J ames D . Bona , R . Ph . . 

Chief, Project Management Staff 
Division of Anti-Infective Drug Products 
Office of Drug Evaluation II 
Center for Drug Evaluation and Research 
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NBA 50-686 


EXHIBIT VII 


5“°!* ?" d Administration 
Rock villa MD 20857 


DEC 2 0 1995 


Schering-Plough Corporation 
Attention: Alexander R. Giaquinto, Ph.D. 

Senior Vice President 
Worldwide Regulatory Affairs 
Galloping Hill Road 
Kenilworth, New Jersey 07033 

Dear Dr. Giaquinto: 

Deceraber^Q 8 !°J°“ r * ew applications (NDA's) dated 

vfSf™rf r _ 20 ' 1991 submitted pursuant to Section 507 of the 
Dru ?' f nd Cosmetic Act for Cedax Capsules 

!^?£ b ? tei \ B capsules) ' NDA 5 °- fi 85 and Cedax Oral Suspension 
(cefibuten for oral suspension), NDA 50-686. ^ 

“" endmant datad Center 20. l 995 

Please also refer to the Food and Druq AdminietraHnn'o fST1M 
nonapprovable letter for MDA 50-685^ted^Sch §2 ? 993 

approvable letters for both NDA's S0-68S and iS-ilc datld 
December 29, 1994 and September 7, 1995 . 

We have completed the review of these applications as amr>nHo^ 

j ave conc l u< 3ed that adequate information has been presented 
to demonstrate that the drugs are safe and effective for uso »«• 
recommended^ the draft fiSal printed iSbejfSg ditSd SJciSe? 

on' the date H IhiS 9 iittir e applications arG approved effective 
M 5 rJcetin S the se products with labeling that is not- -s^cav,*.; *. 

1995 ^ iSSrSLS 

pinfLJf^\^“"L«ffL°L“ n S^^fSe«^S e, 2 1 0 n9 1 i 9 I L) - 

■FPI, for approved HD^f e IS^Is e Li 0 Io^« n i St ^pro™! U SI°the s r 
submissions by the FDA is not required b.for.^lS^nfSJ be 

f £ additional, information relating to the safety and 

?e^iSion e Sf B r>, 0f 1 drug products become available, further 

revision of the labeling may be required ner 



NDA 50-685 
NDA 50-686 
Fage 2 


J? ote , that “Y advertising or promotional labeling for 
Cedax* Capsules and Cedax* Oral Suspension will be considered 
false and misleading wider Section S02 of the Act if it utilizes 

^rr^ Cr ? biol °S ic data to iwpiy clinical efficacy or to 
imply clinical superiority over other drug products if such 
indications or clinical superiority have not been established in 
adequate and well- controlled clinical trials. In vitro 
microbiologic data establish in vitro microbiologic activit y 
^?K r ?^ riate U ® e ° f such data in advertising and promotional 

a . balanced presentation of how such data should 
interpreted in view of the human pharmacokinetic properties of 
and the established clinical efficacy of these drug products 

In addition, any advertising or promotional labeling for Cedax* 
Capsules and Cedax Oral Suspension will be considered false and 
misleading under Section 502 of the Act if it attempts to 
minimize, by print size or presentation emphasis, the fact that 

dat f £f? I \? dequate and well “ controlled trials are not 
available establishing efficacy of this drug product in treatino 

SunSSrtL^V^o ^e o rganis ms contained in the -not clinically 
(i.e., the second) grouping of organisms in the 
Microbiology subsection of the drug products labeling. 

Finally, any advertisement or promotional labeling for Cedax* 
Capsules and Cedax* Oral Suspension will be considered false and 
under the Act if it does not include the entire 
INDICATIONS AND USAGE AND DOSAGE AND ADMINISTRATION sections of 
the labeling when referring to the indications or dosing regimens 
for which this product is approved. The -NOTES " and other added 
statements in these sections are considered integral parts of the 

eS?^r d ^ ndiC ? ti0 2 and dosing regimens and may St be dele?ed or 
Also, in advertising or promotional labeling, the "NOTES" 
and other added statements may not be spatially separated from 
111 the mitral part of the INDICATIONS AND USAGE or 
ADMINISTRATION sections so as to minimize their 
iJSSSJi s Y ch . lnforx !' lata - on must be presented in advertising or 
liJJt t rh2 a i»S le ® eS at least the same Print size and with at 

of the lLJling XmP &B any ° ther informa tion from this section 

This guidance constitutes notice of activities that mav be 
considereti to be violations of the Act. Failure to comply with 
notice* 11 *** 1106 result ln regulatory action without further 
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5^^ s^sss"* -* 

Inf eetive Drug Products and two copies of the materials to the. 

240 1B Room°l7B r of ^seoo^^v. Advertising and Communications, HFD- 
Ple4se submit'^ 5600 Pl ® he « ^ane, Rockville, Maryland, 20857 

in draft "or ^mock-up r form Bd not°in t final 

rout?nf f0rm FDA 2253 f or this submission; that fl™ is X? 
routine use, not proposed materials. 

sts-tse s e iri^ii^e a9e for each of the drusr productB 


^ZSFJSrttZS for an 


If you have 
contact Mr. 
301-827-2125 


any questions regarding these 
Carmen DeBellas of the Proj ect 


applications, please 
Management Staff at 


Sincerely yours. 



David W. Fei_ , 

Acting Director 
Office of Drug Evaluation IV 
Center for Drug Evaluation and Research 
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PATENT NUMBERS 46:34697 

SER I AL NUMBER : 06/7 1 1 0 1 7 

RELATED PATENT NUMBERS s 4748170 

T I TLE: CAEBO X Y ALKEN AM 1 DOCEPH ALOSPOR 1 NS 

APPL I CANT s HAMASH I. MA , YOSH I Q 


I SSUE DATE s 0 1 / 0 6 / 
FILINS DATE: 03/12/ 


REEL.: 4383 FRAME: 0597 DATE RECORDED : 03/12/85 NUMBER OF 
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EXC DATE; 03/07/85 

ASSIGNEE: SHI NOG I AND CO., LTD.,, FUKUSH I MA-KU , OSAKA, JAPAN 
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Uk undersigned hereby acD(s) and wip(i) to 

SHIONpGI. Jk_CO iJ _JLJD. 


of Fujcu pA^a^hy^ Osak a , Japan 

(hrmoa/tcr daigaMed u the Assignee) the cadre right, dlle and interest for the United States 

of Arnera as defined in J5USC 100, in the invention known as 


-CAMQJT^AIJ^/LMipOCEPHALOSPORINS 


appL,Mi0a ^ P1 " nt “ d * Uni,ed *»*« ®f America ha, been eaecuted by the J= 
on March 7, i?S5 <-» 

* * .... Q& 

CA> 

The undenigned a^ce (») to execute all papers necessary in connection with this application 5 

!* mi, l 0r r 7*o*.*PP 1 « :i '|oo> thereof and also to execute wparatTSgn. * 
menu <n connects, vnh such appheauon, a, the Assignee may deem necessary or expedient. ** 

CO 

T!h *° CX ^° t * *?. P *P*7 ®«***"r in connection with any in, refer- ^ 

?“ 7 U dc dtrf ? 1 . co ? c * rnu 'K thtt •pplicatioo or continuation, division nr reissue 

^ p ~ w * - *—« 

The undersigned agree(») to execute all papers and document, and perform any act wkk»* 
may be necessary m connection with claims or provisions of the International Convention for 
ITotecoon of Industrial Property or similar agreements. 

The undersigned agrce(s) to perform all affirmative act* which may be necessary to obtain 
a grant of a valid United States patent to the Asa gore. 

The undersigned hereby authorize (s) and request (s) the Commissioner of Patents to issue 
any and all Letters Patent, of the United States resulting from said application or any division 
or division, or continuing or reissue applications thereof to the said Assignee, as Assignee of the 
entire interest, and hereby covenants that he has (they have) full right to convey the entire 
interest herein assigned, and that he has (they have) not executed, and wiU not execute, any 
agreement in conflict herewith. 
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to mt perscoall y known ts the tndrridttal(s) who executed tbe foregoing assignment, who dad 
acknowledge to me that he (they) executed the same of has (their) own free will for the pur* 
poses therein set forth. 
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TO 001/1-212-355-5847 
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EXHIBIT XA 


WENDERGTH, LIND Sc FONACK 
SOUTHERN BUILDING SUITE 700 
305 FIFTEENTH STREET N.W. 
WASHINGTON, DC 20005 


DATE MAILED 
07/17/90 


107740 


MAINTENANCE FEE STATEMENT 


The data shown below is from the records of the Patent and Trademark Office. If the maintenance fees 
and any nececsary surcharges have been timely paid for the patents listed below, the notation PAIO will 
appear in column 10, ''status'* below. 

If a maintenance fee payment is defective, the reason is indicated by code in column 10, "status" below. 
Ah explanation of the codes appears on the reverse of the Maintenance Fee Statement. TIMELY COR- 
RECTION IS REQUIREO IN ORDER TO AVOID EXPIRATION OF THE PATENT. NOTE 37 CFR 
1.377. THE PAYMENT(S) WILL BE ENTERED UPON RECEIPT OF ACCEPTABLE CORRECTION. 
IF PAYMENT OR CORRECTION IS SUBMITTED DURING THE GRACE PERIOD, A SURCHARGE 
IS ALSO REQUIRED. NOTE 37 CFR 1.20(k) and III. 


If the statement of small entity status is dafactivo the raason is indicated balow in column 10 for the 
related patent number. THE STATEMENT OF SMALL ENTITY STATUS WILL BE ENTERED UPON 
RECEIPT OF ACCEPTABLE CORRECTION. 


I Tt PATENT 
NBR- NUMBER 


1 4.370,577 

2 4.370.673 

3 4.633.750 

4 4 , 634 , 463 

5 4,634.697 


FEE 

FEE 

SUR 

SERIAL. 

PATENT 

FILE 

PAY 
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CDE 

AMOUNT 

CHARGE 

NUMBER 

DATE 

DATE 

YR 

ENT 

STAT 

171 

495 

_ _ _ _ 

06/2$4 , 564 

01/25/33 

07/17/81 

U3 

NO 

PAID 

171 

495 

— 

06/213. 012 

01/25/83 

12/13/30 

OS 

NO 

PAID 

173 

490 

— — 

06/733. 205 

O 1/06/87 

05/17/35 

04 

IJG 

PAID 

273 

245 


06/650,674 

01/06/37 

09/13/34 

04 

YE© 

PAID 

173 

490 

— 

06 / 711,017 

OD/ 06/87. 

03/12/85 

04 

NO 

PAID 
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If the "status" column for a patent number listed above does not Indicate "PAIO" a code or an asterisk 
(•) will appear in the "status" column. Where an asterisk (*J appears, the codes are set out below by the 
related item number. An explanation of the codes indicated in the "status" column and as set out below 
by the related item number appears on the reverse of the maintenance fee statement. 


ITM ATTY DKT 

NBR NUMBER 


1 - MATELCCMU737 

2 MATMU703/P41 

3 213-K0/U9P35 - 
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UNITED STATES DEPARTMENT OFTCOMMERCE 
Patent and Trademark Office 

COMMISSI ONER OP PATENTS AND TRADEMARKS r 
I. WMtiingtOA. O. C. 20231 

PAYOR NUMBER 

000513 EXHIBIT XB 


75N4/0506 . . 

WENDEROTH, LIND & PONACK 

ATTNs MICHAEL STONE, ESQ. & AT E MAILED 

SOUTHERN BUILDING, SUITE 700 05/06/94 

805 FIFTEENTH STREET, N. W. 

WASHINGTON, DC 20005 




MAINTENANCE FEE STATEMENT 


The data shown below Is from the records of the Patent and Trademark Office. If the maintenance fees 
and any necessary surcharges have been timely paid for the patents listed below, the notation "PAI D" will 
~ ‘ appear in column 1 0, "status"- below. 


If a maintenance fee payment is defective, the reason is indicated by code in column 10. 

An explanation of the codes appears on the reverse of the Maintenance Fee Statement. TIMELY COR* 
RE CT?ON ISR E QU I R E 0 IN ORDER TO AVOID EXPIRATION OF THE PATENT. NOTE 37 CFR 
. 1377 THE PAYMENT(S) WILL BE ENTERED UPON RECEIPT OF ACCEPTABLE CORRECTION. 
'’ J,r ‘ lF PAYMENT OR CORRECTION IS SUBMITTED DURING THE GRACE PERIOD. A SURCHARGE 
is Also REQUIRED. NOTE 37 CFR 130 (k) and (I). 

If the statement of small entity status is defective the reason is indicated below in column 10 for the 
related patent number. THE STATEMENT OF SMALL ENTITY STATUS WILL BE ENTERED UPON 
‘"-• ■'RECEIPT OF ACCEPTABLE CORRECTION. 
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Exhibit XI 

Chronology of Regulatory Activities for 
CEDAX® (Ceftibuten for Oral Suspension) IND 32024 


Document 

Date 

Document 
Type or 
Activity 

Subject 

08/25/88 

IND 

Application 

Original IND Submission for Sch 
39720 Powder for Oral Suspension 

09/06/88 

Letter from 
FDA 

IND has been received and number 
32,024 has been assicrned. 

09/14/88 

Meeting with 
FDA 

Review of Clinical Plans for NDA 

09/30/88 

Internal memo 

Summary of an end of phase II 
meeting held at FDA on Sept 14 , 
1988 to review the clinical 
plans for the NDA. 

09/30/88 

Internal memo 

Difference in Schering and 
Shionogi suspension 
formulations . 

10/31/88 

Letter to FDA 

Protocol Amendment : New Protocol 
for pediatric treatment of 
Pharanxgitis, and tonsillitis 
and for CV's of new 
investigations 

11/30/88 

Letter to FDA 

Protocol Amendment : New 
Protocols 

01/16/89 

Memo 

Summary of call on 1/5/89 by FDA 
Doctor (medical reviewer) 
inquiring about pharmacokinetics 
data in children. 

01/18/89 

Letter to FDA 

Protocol Amendment and New 
Investigator 

01/31/89 

Letter to FDA 

Protocol Amendment : CVS of 8 New 
Investigators 

02/15/89 

Letter to FDA 

Protocol Amendment and CV's of 2 
new investigator 

02/24/89 

Memo 

Summary of call from FDA: 
Clinical hold on study C88-070. 
FDA to call us on 2/27/89 re. 
hold 

02/27/89 

Memo 

Summary of call from FDA which 
indicated reasons for the 
clinical hold on study C88-070. 
We shall receive a letter of the 
reasons for the clinical hold 
within 30 days of when we were 
first notified (2/24/89) . 
Attached the memo of the 2/24/89 
conversation. 

03/17/89 

Letter to FDA 

Information Amendment Chem/Micro 
Submitted' updated ' manufacturing 
and control information. 

03/24/89 

Fax from FDA 

Clinical hold on C88-070 












































03/27/89 


Memo 


Summary of comments from FDA 
(fax dated 3/24/89) regarding 
the clinical hold on C88-070. 


05/01/89 

Letter to FDA 

Revised the protocol for study 
C88-070 on clinical hold, 
enclosed for FDA review so we 
can resume the clinical trial. 

05/18/89 

Internal memo 

The UTI protocol is under 
review. A conference call is 
being set up. 

05/26/89 

Letter to FDA 

Protocol Amendment : CV of New 
Investigator 

06/14/89 

Memo 

Discussion regarding C88-070. 
Summary of several phone 
conversations with FDA during 
weeks of 6/5 and 6/12/89: in a 
6/9/89 call. Dr. McGill of FDA 
indicated she still had some 
concerns and needs to obtain 
input from Dr. Aluerne regarding 
UTI protocol (C88-070) ; and; in 
a 6/13/89 call, Mr. Nazario 
stated he was actively trying to 
follow up. 

06/20/89 

Memo 

Summary of 6/20/89 phone 
conversation with Mr. Mazario of 
FDA regarding study C88-070 
which is still on hold for the 
following major reasons: no PK 
data to support safety in 
population; have not identified 
rationale in out-patient 
population; need clearer 
definition for patient inclusion 
and exclusion criteria. FDA 
will fax letter to us tomorrow. 

06/27/89 

Letter from 
FDA 

The revised protocol for study 
No C88-070 submitted on 5/1/89 
(Serial No. 007) did not 
adequately address FDA concerns 
as noted in this 06/27/89 
letter. This UTI study is still 
on clinical hold until all 
concerns are addressed. 

07/24/89 

Letter to FDA 

Response to clinical hold for 
protocol C88-070, from FDA 
6/27/89 letter. Also attached 
reference used to diagnose 
complicated UTI. 


07/25/89 Internal memo Summary of 7/19/95 phone call 

from FDA to advise that Brad 
Leissa, M.D. is the new medical 
- - reviewer for Ceftibuten. 
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Letter to FDA 


Protocol Amendment : change in 
Protocol; changed Protocol C87- 
099. Submitted final report for 
study C87-099. Provided revised 
analytical specifications and 
updated stability. 

Drug Product Attachments : 
Composition, Drug Product 
Specifications. Stability. 


08/28/89 

Letter from 
FDA 

Comments on Study C87-069 

09/07/89 

Letter from 
FDA 

Fax received from FDA regarding 
the clinical hold on study No. 
C88-070 . 

09/08/89 

Letter to FDA 

Protocol Amendment: New Protocol 
Drug Product Attachments : 
Components, Composition, 
Packaging Components, Drug 
Product Specifications, Site of 
Manufacture, Drug Product 
Analytical proceed. Method of 
Manufacture . 

09/29/89 

IND Annual 
Report 

Annual Report submitted for 
period: 05/31/88 to 5/31/89 

10/11/89 

Internal Memo 

Summary of 9/13/89 call to FDA: 
Schering would like to withdraw 
Protocol C88-070, which had been 
on clinical hold per FDA. FDA 
stated we would still receive a 
formal letter. 

10/11/89 

Letter to FDA 

Protocol Amendment : CGH in 
Protocol Revised Protocol C87- 
112 to lower patient age limit 
for all investigators. 

10/11/89 

Letter to FDA 

Information Amendment: Clinical 
Dr. Goldfard took over Dr. 
Blumer's studies 

10/11/89 

Letter to FDA 

Protocol Amendment: and CV's for 
2 New Investigators 

10/12/89 

Internal memo 

Summary of calls received on 
10/5/89 from FDA regarding 
amended C87-099 for the 18 mg/kg 
dose. Schering was requested 
not to continue with that dose 
in humans since the toxicology 
data may not support it . 

Because of results (the 18 mpk) 
in the multiple dose, Schering 
has no plans to continue with 
that dose . 


10/27/89 


Letter to FDA 


Protocol Amendment : New Protocol 
Drug Product Attachments: 

Site of Manufacture 


























11/03/89 

Letter to FDA 

11/09/89 

Letter to FDA 

12/01/89 

Letter from 
FDA 

12/06/89 

Letter to FDA 

12/07/89 

Letter to FDA 

12/13/89 

Letter to FDA 

01/05/90 

Letter to FDA 

01/15/90 

Internal memo 

02/08/90 

Letter to FDA 

02/26/90 

Letter to FDA 

03/05/90 

Letter to FDA 

03/15/90 

Internal memo 

03/19/90 

Memo 


Protocol Amendment : New Protocol 
The major revisions are in 
response to recommendations in 
3/24/89 FDA fax and in relation 
to dose adjustment in the Otitis 

Media study (C88-082) . 

Information Amendment: Pharm/Tox 
Enclosed summary of pre-clinical 
toxicology and drug metabolism 
data for Dr. Browder’s review. 
Protocol C89-371 is on clinical 
hold because of inadequate 
toxicology data have been 
submitted to assess safety of 
single 13.5 mg/kg dose in 

children . 

Protocol Amendments in pediatric 
groups C89-150/treatment of 

acute sinusitis 

Enclosed 6 additional copies of 
our 11/09/89 submission as 

requested. 

Submitted clinical safety data 
regarding study C89-241, as 
requested . 

Protocol Amendment: CV's of 7 

New Investigators 

Summary of a conference call 
held on 12/15/89 to discuss the 
pre-clinical toxicology studies 
for ceftibuten suspension. Dr. 
Leissa (FDA) also had some 
comments on both the ceftibuten 
capsule and suspension clinical 
protocols and general program. 
Submitted 2 draft toxicology 
protocols as requested by FDA in 
the 12/15/90 conference call 
(study numbers 90002 and 90003) . ty 
Cross-reference to IND 30303. 
Information Amendment: Clinical 
Protocol Amendment : New Protocol 
and CV's of 3 New Investigators 
Protocol Amendment : change in 
Protocol sent in response to FDA 
Letter of 8/28/89 regarding 
comments on study C87-069 
(revised protocol submitted) . 
Summary of FDA phone call on 
03/13/90 from Dr. Leissa with 
comments/questions on study No. 

C89-267 ■ 

Summary of 03/9/90 call from FDA 
regarding the two pediatric 
toxicology protocols, submitted 
on 02/08/90 and FDA agreed they 
were adequate to support NDA. 
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03/19/90 


03/29/90 


04/10/90 


4/11/90 


04/20/90 


04/30/90 


05/04/90 


05/04/90 


05/09/90 


Fax from FDA 


Fax received from Dr. Leissa 
regarding study Nos. C89-135 and 
C89-150. (Sinusitis Studies) 
and these comments are in 
addition to his 12/15/89 phone 
conversation . 


Letter to FDA 


Information Amendment: Clinical 
Protocol Amendment : New Protocol 
and CV's of 8 new investigators 


Internal memo 


Summary of phone comments 
received from FDA regarding 
follow-up evaluation for 
ceftibuten . 


Internal memo 


Summary of our phone call to FDA 
in response to FDA call 
regarding study C89-267-01. 


Internal memo 


Summary of a conference call 
held on 04/16/90 to discuss FDA 
comments on the following 
protocols: C88-095; C89-150; 
C89-135; and C89-267. FDA 
agreed also that adequate data 
were collected during Phase I 
and II to justify no longer 
measuring PT and PTT values in 
the Phase II studies. Summary 
of 4/3/90 FDA call regarding 
Protocol C89-113 and a 3/13/90 
FDA call regarding Protocol C89- 
267 . 


Letter to FDA 


Information Amendment: Clinical 
Protocol Amendment : New Protocol 
and CV of new investigator 


Letter from 
FDA 


Refer to Amendment dated 10-27- 
89 for protocol C88-095. 
Completed review of submission, 
study may continue; comments 
made to improve quality of the 
data . 


Letter from 
FDA 


Fax (05/04/90) from FDA with 
comments on protocol C89-266 
regarding safety concerns and 
other suggested changes . 


Letter to FDA 


We Withdrew protocol C88-070, 
C89-241, C89-371 which were 
placed on clinical hold, however 
C89— 241 and C89— 371 were 
completed prior to the call from 
FDA. The protocol amendment for 
study continues at a mpk dosing. 
Confirmed Dr. Browder's 
agreement with our toxicology 
protocols submitted.. on 02/.08/90 
(Ser. #021) and her agreement 
with toxicology program. 
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5/16/90 


Internal memo 


05/23/90 

Letter from 
FDA 

06/08/90 

Letter to FDA 

06/27/90 

Letter to FDA 

06/28/90 

Letter to FDA 

07/26/90 

Letter from 
FDA 

07/27/90 

Internal memo 

07/27/90 

Internal memo 

08/10/90 

Internal Memo 

08/20/90 

Letter to FDA 

08/22/90 

Internal memo 


Summary of 5/16/90 conference 
call with Dr. Leissa of FDA 
regarding his comments and 
suggestions on 4/10/90 and 
4/11/90 phone calls concerning 
Protocol for Study C89-267-01. 
Refer to Amendment dated 
12/06/89 for protocol C89-150. 
Completed review of clinical 
portion of amendment and have 
comments and recommendations. 

A meeting with reviewing 
Pharmacologist and chemist to 
discuss our planned toxicology 
studies to support the 
certification product 
degradation was requested. 
Cross-reference is made to IND 

30,303. 

Protocol Amendment : New Protocol 
Composition of ceftibuten oral 
suspension, formula 2307 is 

attached . 

Summary of Pre-NDA documents: 
Ceftibuten related compounds and 
toxicology programs for degraded 
SCH 39720 and aged suspensions. 
Review of the C88-117 protocol 
finished and comments which may 
improve quality of data and 
patient safety provided. 
Toxicology plans for Ceftibuten 

related compounds . 

Summary of two 7/27/90 calls 
from FDA (1) to cancel planned 
meeting to discuss toxicology 
for Ceft ibuten-related compounds 
and (2) to provide FDA chemist's 
comments of his proposal revised 
of such product 
impurit ies/degradates . 

Summary of a call from Dr. 

Leissa on 07/31/90 with comments 
on the Pre-NDA Documents 

submitted on 6/28/90. 

Information Amendment: Clinical 
Amendments to C87-112-17; 
C88-082-17; C88-082-35; 

C88-112-06 and C88-065-02. 

Summary of a 8/21/90 FDA phone 
request for additional 
information prior to Pre-NDA 
meeting, and. clarification, was 
received on previous FDA 
comments . 
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08/23/90 


Letter to FDA 


08/29/90 

Internal Memo 

08/31/90 

Meeting with 
FDA 

09/21/90 

Internal Memo 

10/9/90 

Meeting with 
FDA 

10/26/90 

IND Annual 
Report 

11/07/90 

Letter to FDA 

12/21/90 

Letter to FDA 

02/26/91 

Internal memo 

02/26/91 

Internal memo 

02/26/91 

Letter to FDA 


As requested in 8/22 call we 
submitted information for FDA 
review prior to FDA 8/24/90 
internal meeting and our Pre-NDA 

meeting on 08/31/90. 

Summary of a call on 08/28/90, 
among Dr. Given, Dr. Treuhaft 
and Ms . Babro and Dr . ’ Lumpkin 
(FDA) to discuss 
agenda/attendees for the 

08/31/90 meeting at FDA. 

Pre— NDA discussions of clinicals 


Summary of a Pre-NDA clinical 
meeting held with FDA on 
08/31/90 to review the clinical 
studies planned for the NDA. 
FDA's Comments were given 
primarily by Dr. Burlington and 

Dr. Lumpkin. 

Pre-NDA Discussion of clinicals 


IND Annual Report for period 

06/01/89 to 05/31/90 

Information Amendment: Protocol 

Amendment 

Information Amendment: Clinical 

Protocol Amendment: 

Summary of 02/26/91 phone 
comments from Dr. Brad Leissa on 
safety information, patient 
profiles and summary line 
listings on our planned NDA 

submissions 

Summary of 02/26/91 phone 
conference with Dr. Ralph 
Harkins (statistician) to 
clarify populations analyzed for 

anti-infective divisions. 

Minutes of understanding from 
the 08/31/90 and 10/9/90 Pre-NDA 
meetings with FDA summarizing 
the indications to be sought in 
the NDA. These will be 
bronchitis and complicated 
urinary tract infections in 
adults (capsule NDA) and 
prevaginitis and otitis media in 
children (suspension NDA) . But, 
during NDA review, an additional 
controlled otitis media study 
will be amended to the 
-unapproved NDA. 
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02/28/91 


Letter to FDA Request for Pre-NDA technical 

(CMC) meeting with FDA. Summary 
comments for drug substance and 
drug product (capsule and 
suspension) were enclosed along 
with proposed agenda. 


03/20/91 

Letter to FDA 

In preparation for 03/25/91 
meeting the following was 
submitted: agenda attendees 
examples of patient profiles and 
summary listings of patient 
information and proposed 
outlines of ISE and ISS. 

03/25/91 

Meeting with 
FDA 

Pre-NDA clinicals outlines of 
ISC ad ISS 

03/27/91 and 
03/28/91 

Memo 

Summary of 3/27/91 and 3/28/91 
phone calls to Dr. Leissa who 
conveyed the divisions 
requirements for a sinusitis 
indication. 

03/28/91 

Memo 

Summary of a 3/28/91 phone call 
from Dr. Leissa who made 
additional comments in data 
listings for NDA and the 
importance of follow-up clinical 
outcome information for a 
substantial proportion of the 
patients . 

03/29/91 

Letter to FDA 

Letter sent to inform FDA to 
efficacy data will not be used 
from Dr. Mohini Khurama's study 
center (C87-112-18) in the final 
study report (only safety data 
will be used) due to 
randomization inconsistencies. 

03/29/91 

Letter to FDA 

Letter sent to notify FDA that 
study C87-112-18 for Dr. Khuraua 
will not be included in the 
efficacy results due to 
randomization inconsistencies 
found in the study records . 

04/01/91 

Memo 

Summary of two phone calls (1) 


on 04/01/91: in response to a 
question from our Dr. Treuhaft 
on the acceptability of using 
some of the same investigators 
for a second otitis media study, 
and (2) on 04/01/91 Dr. Leissa 
requested clinical and 
microbiological information on 
the first completed study. 

While a second study will be 
necessary it may not -need 
microbiology at entry if we have 
sufficient microbiology from the 
first study. 
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04/02/91 

Internal memo 

04/08/91 

Letter to FDA 

04/08/91 

Letter to FDA 

04/10/91 

Internal memo 

04/16/91 

Letter to FDA 

04/25/91 

Meeting with 
FDA 

4/30/91 

Internal memo 

05/03/91 

Letter to FDA 

06/06/91 

Internal memo 

06/27/91 

Memo 


07/12/91 Memo 


08/16/91 I Letter to FDA 



Information Amendment: Protocol 

Amendment : 

Information Amendment: Protocol 

Amendment : 

Summary of FDA comments 
regarding follow-up evaluation 

for Ceftibuten Protocols 

Letter sent to FDA confirming 
04/25/91 meeting for Pre-NDA 

Technical data. 

Pre-NDA technical data. 




Summary of 07/12/91 phone 
conversation wherein Dr. Kammer 
reviewed with Dr. Leissa (FDA) 
our thinking in why further 
monitoring of platelets in 
Ceftibuten studies would have 
little value, it was agreed that 
platelet counts would not be 
required in the protocol but 
that there will be a separate 
field for them in the case 
report from so that if the 
information is available that it 

can be collected. 

Protocol Amendment : A draft of 
this protocol was previously 
submittedon 05/17/91- (Serial 
No. 041) and discussed with Dr. 
Leissa on 06/06/91. 
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10/18/91 


Memo 


10/18/91 

Letter to FDA 

11/04/91 

Memo 

11/14/91 

Memo 

11/14/91 

Letter to FDA 

11/27/91 

Internal memo 

12/18/91 

Internal memo 

01/08/92 

Letter to FDA 

01/17/92 

Memo 

01/17/92 

Letter to FDA 


Summary of 10/18/91 phone call 
to Dr. Leissa regarding 
"organization of clinical study 
reports and additional analyses 

in the NDA's" . 

A final version of protocol C90- 
037 (otis media without 
typanocentisis) incorporating 
division comments was submitted. 
Summary of 11/04/91 phone call 
to Mr. Silver regarding Proposal 
for Ceftibuten validation 
batches. Mr. Silver (reviewing 
chemist) to follow up our 
submission to Mr. Sheldom 
(supervisory chemist) Sept. 24, 
1991. Silver advised proposal 
acceptable; suggested we contact 
district office, silver also 
suggested that for the NDA we 
tabulate all manufacturing, 
controls and packaging sites, 
testing activities performed. 
Summary of 11/14/91 phone 
comments on protocols C90-037, 
C90-045, C90-038, C91-248 by Dr. 

Leissa . 

Information Amendment: Protocol 
Amendment: and CV's of two new 
investigators . 

Minutes : Our Response to FDA 
anti-infective draft policy 
meeting on 11/21/91. 

Impact of FDA anti-infective 
Draft Policy Statement on 
Ceftibuten Program, (at Anti- 
Infectives Advisory Meeting on 

10/30-31/91) 

Protocol Amendment : Change in 

Protocol 

Summary of a 1/17/92 Conference 
call-between Dr. Hammer, 
Reidenberg and Treuhaft and Ms . 
Rubin of Schering and C . 

DeBellas an Dr. Leissa of FDA 
concerning. Protocol C90-037 - 
severity of diarrhea, -sample 
size, inclusion of antibiotic 

failures . 

Protocol Amendment : New 
Investigator 
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01/21/92 


Internal Memo Summary of a 01/21/92 call from 

Leissa regarding Cedax 
suspension - Study C90-047-01 
Review on to reconstitution 
directions . 


01/21/92 

IND annual 
report 

IND Annual Report for period 
06/01/90 to 05/31/91 

01/29/92 

Letter to FDA 

Protocol Amendment : New 
Investigator and CV's for 2 new 
invest icrators 

02/18/92 

Letter to FDA 

Protocol Amendment: New 
Investigator and CV's for 7 new 
invest icrat or s 

03/26/92 

Letter to FDA 

Protocol Amendment : Change in 
Protocol and Summary of 
understandings from phone 
conferences of 02/14/91 and 
02/19/91 and FDA letter to Dr. 
Giaguinto of 3/11/91 on adequacy 
of clinical studies in NDA to 
support otitis media indication 
and recommendations on 
additional data needed. 

03/30/92 

Letter to FDA 

Protocol Amendments for C90-037 
and C90-880 

03/30/92 

Letter to FDA 

Protocol Amendment : Change in 
Protocol : Review of agreement 
made with division on clinical 
studies for otitis media 
indication, timing of the review 
of suspension NDA and timing of 
the review of submission of 
additional data for otitis. Two 
ongoing otitis protocols that 
were revised to address these 
acrreements are submitted. 

04/07/92 

Letter to FDA 

Protocol Amendment : New 
Investigator and CV's for 9 new 
invest icrators 

04/23/92 

Letter to FDA 

Protocol Amendment : Change in 
protocol 

05/04/92 

Letter to FDA 

Protocol Amendment : Change in 
Protocol: New Investigator and 
CV's for 2 new invest icrators 

05/06/92 

Letter to FDA 

Protocol Amendment: and CV's of 
5 New Investicrators 

05/15/92 

Letter to FDA 

Change project physician from 
Jackson to Reidenberg for 
suspension . 

05/16/92 

Internal Memo 

Summary of call was received 
from Dr. Leissa regarding study 
C89-267 (penetration of middle 
ear fluid: -and a conference call | 
on 05/16/90 responding to his 1 

questions. | 
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06/05/92 

Letter to FDA 

Information Amendment: 
Chem/Micro Protocol Amendment: 
New Protocol and CV of a new 
investigator 

06/23/92 

Letter to FDA 

Protocol Amendment : Change in 
Protocol 

09/03/92 

Letter to FDA 

Protocol Amendment: Change in 
Protocol 

09/09/92 

Letter to FDA 

Protocol Amendment: Change in 
Protocol 

09/10/92 

Letter to FDA 

Protocol Amendment: Change in 
Protocol 

09/28/92 

Letter to FDA 

Protocol Amendment: Draft 
Protocol 

10/05/92 

Memo 

Summary of a 10/5/91 phone call 
regarding design of sinusitis 
studies, plans for otitis media 
electronic files, status of NDA 
review of market support studies 
discussed with Dr. Leissa 

10/29/92 

IND Annual 
Report 

Annual Report for period 
06/01/91 to 05/31/92 

12/09/92 

Letter to FDA 

Information Amendment: Clinical 
Study C90-037-01 

12/22/92 

Letter to FDA 

Information Amendment: Clinical 
Protocol Amendment : change in 
Protocol 

02/02/93 

Letter to FDA 

Information Amendment: Clinical 

02/03/93 

Letter to FDA 

Protocol Amendment: CV's of 17 
New Investigator 

02/18/93 

Letter to FDA 

Information Amendment: Clinical 
Protocol Amendment : CA of New 
Investigator 

03/17/93 

Letter to FDA 

Information Amendment: Clinical 
Protocol Amendment: change in 
Protocol 

03/23/93 

Letter to FDA 

Protocol Amendment: New Protocol 

Protocol Amendment: and CV's of 
18 New Investigators 

04/09/93 and 
04/10/93 

Internal Memo 

Summary of 04/09 and 04/10/93 
requests by Leissa for Protocol 
C90-886, overall key of 
abbreviations, disks of revised 
efficacy tables. 

04/28/93 

Letter to FDA 

Protocol Amendment: CV of New 
Investigator 

05/13/93 

Letter to FDA 

Information Amendment: Clinical: 
2 site closures 

05/21/93 

Letter to FDA 

Protocol Amendment: change in 
Protocol Addition of project 
physician - Reidenberg- addition • 
of research facilities. 


06/11/93 Letter to FDA Information Amendment: Clinical: 

site closed 
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07/08/93 


I 


I 



07/08/93 

Letter to FDA 

Information Amendment: Clinical: 
2 sites closed 

10/20/93 

IND Annual 
Report 

IND Annual Report submitted for 
period 06/01/92 to 05/31/93 

12/13/93 

Letter to FDA 

Information Amendment: Clinical 
Study C90-886-07 . 

01/07/94 

Internal Memo 

Summary of a 01/07/94 call to 
FDA: The new medical reviewer 
officer Cedax is Dr. Janice 
Soreth. She will pick up the 
review of the capsule NDA and 
has started looking at the 
Bronchitis Amendment of 
11/15/93. Plans are underway to 
meet with her. Dr. Leissa will 
finish his review of the 
suspension NDA before leaving 
the division (end of 
Januarv/early February) . 

02/10/94 

Internal Memo 

Summary of a 02/10/94 call made 
to Carmen DeBellas to determine 
the status of the suspension 
review . 

02/25/94 

Internal Memo 

Summary of a call made to Dr. 
Leissa to discuss his 2/22/94 
and 2/23 and 2/24/94 E-mails. 
The discussion related to the 
criteria for how the micros and 
clinical EOT and EXT were 
determined . 

03/21/94 

Memo to FDA 

Summary of a call with Leissa to 
discuss status of Ceftibuten 
suspension review. (Leissa from 
Lamendola) 

04/27/94 

Letter to FDA 

Information Amendment: Clinical 
Final Study Report 

06/14/94 

Internal Memo 

Summary of a 6/14/94 call to FDA 
to discuss update regarding 
review status for suspension and 
capsule review. 

08/24/94 

IND Annual 
Report 

Annual Report for period 
06/01/93 to 05/31/94 

10/25/94 

Letter to FDA 

Information Amendment: 

Chem/Micro Submitted revised IND 
specifications . Corrected 
typographical error. 

10/28/94 

Letter to FDA 

Adverse Drug Reaction 10 day 
initial written safety report. 

11/29/94 

Letter to FDA 

Adverse Drug Reaction 15 day 
alert 

01/16/95 

Letter to FDA 

Protocol Amendment : New Protocol 


P94-117 entitled: "Blind, 
Parallel' Study Comparing Cedax 
Oral Suspension to Augment in 
Oral Suspension in the Treatment 
of Acute Otitis Media." 
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02/03/95 

Letter to FDA 

Protocol Amendment : New Protocol 

02/16/95 

Letter to FDA 

Protocol Amendment : Change in 

Protocol Submitted Revised 
Protocol (Amendment Date 
1/31/95) and the Summaries of 
Chances . 

04/13/95 

Letter to FDA 

Information Amendment: 
Chem/Micro: IND specs for 

Ceftibuten Placebo Powder for 
Oral Susp. Formula 3069 with 
Formulation & Manufacturing 
information . 

04/18/95 

Letter to. FDA 

Protocol Amendment and CV's of 
10 New Invest icrators . 

05/03/95 

Letter to FDA 

. 

Information Amendment: 
Chem/Micro: Submitted an 

updated method of manufacture 
for Ceftibuten. Powder for Oral 
Suspension 18 & 3 6mcr./ml. 

05/04/95 

Letter to FDA 

Protocol Amendment : Change in 
Protocol : Submitted 2 

Amendments to this Protocol 
Amendment 1 (4/11/95) and 
Amendment si (2/23/95) . 

05/12/95 

Meeting with 
FDA 

CEDAX Suspension approval. 

05/15/95 

Internal Memo 

Minutes of 5/12/95 FDA Meeting 
Re : Cedax . 

05/18/95 

Letter to FDA 

Protocol Amendment and CV's of 5 
New Investigators. 

06/28/95 

Letter to FDA 

Protocol Amendment : CV of New 
Investicrator . 

08/02/95 

Letter to FDA 

Protocol Amendment : New Invest . 

08/23/95 

Letter to FDA 

Adverse Drug Reaction 10 Day 
Alert 

08/28/95 

Letter to FDA 

Protocol Amendment: CV's of 18 
New Investigators . 

09/05/95 

Letter to FDA 

Adverse Drug Reaction 10 Day 
Alert 

09/05/95 

Internal Memo 

Summary of a 09/05/95 call to C. 
DeBellas to discuss status of 
Cedax Suspension/Capsule review 

09/14/95 

Letter to FDA 

Protocol Amendment : Change in 
Protocol 

09/29/95 

Letter to FDA 

Protocol Amendment : Change in 
Protocol, and CV's of 4 New 
Investigators . 

10/03/95 

IND Annual 
Report 

IND annual report for period 
06/01/94 to 05/31/95. 

10/05/95 

Letter to FDA 

Information Amendment: Clinical: 
Submitted Final Study Reports 
for P91-016, P 92—021 

11/10/95 

Letter to FDA 

Protocol Amendment : Change in 

Protocol, and CV's for 2 New 
Investigators 
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12 / 20/95 


Letter to FDA 


Protocol Amendment : CV of New 

Investigator 
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EXHIBIT XII 

CHRONOLOGY OF REGULATORY ACTIVITIES FOR 
CEDAX® (CEFTIBUTEN FOR ORAL SUSPENSION) 

UNDER 
NDA 50-686 


Date 

Document 
Type /Act i vi t y 

Subject 

01/17/91 

Internal Memo 

Ceftibuten NDAs - Patient 
profiles on electronic files. 

12/20/91 

Internal Memo 

Ceftibuten NDAs. Agreement on 6 
month safety update Dr. Leissa 
requested for one line listings 
on Lotus 1-2-3 and loan of laser 
printer to assist in review of 
NDA's. 

12/20/91 

NDA 

Submission 

NDA Submission - Cedax submission 
and capsules 

12/20/91 

Letter to FDA 

Desk copy of CRFS and 
notification of NDA delivery on 
12/20/91. 

01/06/92 

Internal Memo 

Ceftibuten NDA medical reviewers 
request for verification of 
completeness of patient profiles 
and for electronic files of all 
patient profiles of Lotus 1-2-3. 

01/07/92 

Letter from 
FDA 

Acknowledgement letter from FDA 
for receipt Cedax NDA. 

01/09/92 

Internal Memo 

Ceftibuten NDAs. Medical reviewer 
request for an additional volume 
of all table of contents in NDA. 

01/09/92 

Memo 

Administrative CMC questions from 
FDA reviewinq chemist. 

01/13/92 

Internal Memo 

Cedax information regarding a 
non-valuable patient requested by 
Dr. Leissa. 

01/13/92 

Letter to FDA 

Submission of Ceftibuten overall 
table of contents for capsules 
and suspension. 

01/14/92 

Letter to FDA 

Submission of disk copy of 
overall T of C for Cedax caps. 

01/17/92 

Internal Memo 

Ceftibuten NDAs — FDA request for 
table of contents volume. 

1/20/92 

Internal Memo 

.Summary of a 1/17./ 92 phone call 
from Mr. Silver (FDA reviewing 
chemist) regarding environmental 
assessments, manufacturing sites 
and controls and methods 
validation . 
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1/21/92 


Internal Memo 


01/22/92 

Internal Memo 

1/23/92 

Internal Memo 

01/24/92 

Internal Memo 

01/24/92 

Memo f r om FDA 

01/27/92 

Letter to FDA 

01/28/92 

Memo to FDA 

01/28/92 

Letter to FDA 

01/29/92 

Internal Memo 

02/03/92 

Letter to FDA 

02/04/92 

Letter to FDA 

02/04/92 

Meeting with 


FDA 


Summary of a 1/21/92 phone call 
from Dr. Lelssa re: Cedax 

suspenses formulation 

Ceftibuten NDAs — Schering will 
provide table of contents for 
appendix C-l for all study 
reports. PRE-NDA meeting planned 
for 2/10/92. 


Summary of phone call regarding 
Ceftibuten NDA to Dr. Leissa. 
Medical reviewer and his request 
for location of microbiology 
tables. Request for additional 
microbiology tables, request for 
table of contents for each study 
report with NDA volume referenced 
for FDA review on 02/10/92 


Summary of a phone Call to Dr. 
Vincent (environmental assessment 
office - CDER) as requested by 
Mr. Silver on 01/17/92, anti- 
infective reviewer, to determine 
whether her had any comments on 
our plans for environmental 
assessment studies. 



Submission of appendices T of C 
for suspension. 


Ceftibuten NDAs - medical 
reviewers orientation to the NDA 
meeting and orientation to loaner 
PC computer. 



Notification of computer delivery 
to Brad Leissa - Ceftibuten 

medical reviewer. 

For Ceftibuten NDA's testing of 
investigators for domestic 
pivotal studies numbers patients 
per site and protocols for each 
indication of investigation 
branch . 

Orientation CEFTIBUTEN NDA. 

































02/04/92 


Internal Memo 

8 

* 


02/04/92 

Letter to FDA 

02/06/92 

Letter to FDA 

02/07/92 

Internal Memo 

02/10/92 

Internal Memo 

02/10/92 

Internal Memo 

02/10/92 

Letter to FDA 

02/11/9 2 

Internal Memo 

02/12/92 

Internal Memo 

02/12/92 

Internal Memo 

02/13/92 

Internal Memo 

02/14/92 

Internal Memo 

02/14/92 

Memo to FDA 

02/15/92 

Internal Memo 


Summary of phone call from Mr. 
Silver in follow-up to earlier 
conversation on 01/17/92 
regarding the Ceftibuten capsule 
and suspension NDA's. Informed 
him of 01/29/92 conversation with 
Dr. Vincent and Dr. Graham. 
Japanese sites to be ready for 
inspection late September 1992. 
Scale-up batches of drug products 
have been manufactured in Miami 
Lakes at 40-100% commercial 

scale . 

Orientation program outline given 
to Leissa and Debellas, of FDA on 

02/04/92 

Appendices table of contents for 

study reports in suspension. 

Summary of phone call on 
Ceftibuten NDA: medical 
reviewer’s question on rational 
for 200 ng requirements for 

safety update . 

Summary of phone call on 
Ceftibuten NDA: - medical 
reviewer questions. 

Cedax capsule/suspension 45 day 

meeting . 

Replacement pages for application 
summary and clinical data 

section . 

Summary of FDA meeting minutes - 
orientation to NDA for medical 
reviewer comments on protocol 

C90-037. 

Summary of a phone call to Dr. 
Vincent: Follow up with Dr. 
Vincent to our telephone call of 
01/29/92. He has not yet 
reviewed the Ceftibuten capsules 
and powder for oral suspension 
environmental assessments. He 
will call after he has completed 

his reviews . 

Summary of phone call on 
Ceftibuten NDA's - Medical 
reviewer questions on pharyngitis 
patient profile, div. guidance on 
requirements for sinusitis 

indication . 

Revised minutes of 02/04/92 FDA 
meeting (orientation to 
Ceftibuten NDA's) 

Filing for Cedax NDA. Summary of 

-Teleconference of- 2/14/92. ; 

Ceftibuten filing of the NDA's 
and the otitis media indication. 
Otitis media - filing and need 
for additional data. 
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02/18/92 


Letter from 



FDA 

02/21/92 

Letter from 
FDA 

02/21/92 

Letter from 
FDA 

02/26/92 

Memo from FDA 

02/28/92 

Memo from FDA 

02/28/92 

Memo to FDA 

02/28/92 

Letter from 
FDA 

02/28/92 

Memo from FDA 

03/03/92 

Letter to FDA 

03/04/92 

Letter to FDA 

03/05/92 

Internal Memo 

03/11/92 

Letter from 
FDA 

03/12/92 

Fax letter 
from FDA 

03/13/92 

Letter to FDA 

03/13/92 

Internal Memo 


E-mail connection with medical 

reviewer ■ 

Medical reviewer request for 

table of contents on disks . 

Request for status of Beta- 
Lactamase data from LRTI studies . 



FDA phone report regarding 
"partial electronic file 

submission" ■ 

Medical reviewer (Dr. Leissa) 
request for application summaries 
in Word Perfect files. 



Per requests of 02/21/92 and 
02/28/92, Submission of 
appendiceal table, table of 
contents on disc, patient 
profiles of LRTI, submission of 
instruction of installing LRTI 
files letter to Mr. Moss 
authorizing installed of virus 

protection software . 

Submission of CSR appendicial 
tables on disc and T of C, LRTI 
patient profile, instruct for 
installing LRTI files copy of 
letter to Mr . Moss . 



Fax sent by Mr. Debellas (CSO) 
with comments on Ceftibuten 
environmental assessment by Dr. 
Vincent, environmental assessment 

office . 

Analytical methods validation. 
Submitting copy of letter sent 
with samples to Dr . Graham 
02/12/92 together with storage 
instructions, explanation of 
resolution test solutions and 
revised C of A for working 
reference standard. 

Safety update for suspension NDA, 
can follow that of capsule, 
division recommends by 08/01/92. 

A second safety update should 
follow otitis media amendment 
within one month. 






































03/13/92 


Internal Memo Summary of 03/11/92 call from Mr. 

Silver who asked about dates of 
manufacture, batch sizes and 
equipment scale for Ceftibuten 
capsules and suspension 
analytical sample sent to Dr. 
Graham, antimicrobial drugs 
branchand call to Mr. Silver on 
03/13/92 to give him the 

requested information. 


03/18/92 

Internal Memo 

Obtained clarification of Dr. 
Vincent's comments (faxed by Mr. 
Debellas, copy attached) on our 
environmental assessment for 
Ceftibuten; separate EA's 
required for capsule and 
suspension structure and name 
body of EA, must include "no 
action" terminology and 
alternative. Dr. Abramson 
advised that the list of fate and 
effects studies seems 
satisfactory, he had no 
suqqestions for other tests. 

03/18/92 

Internal Memo 

Obtained clarification of Dr. 
Vincent's comments (faxed by Mr. 
Debellas, copy attached) on our 
environmental assessment for 
Ceftibuten; separate EA's 
required for capsule and 
suspension structure and name 
body of EA, must include "no 
action" terminology and 
alternative. Dr. Abramson 
advised that the list of fate and 
effects studies seems 
satisfactory, he had no 
suggestions for other tests. 

03/18/92 

Internal Memo 

NDA's - status of outstanding 
requests and planned targets for 
submission discussed. 

03/26/92 

Memo from FDA 

Medical reviewer requests need 
for use in Otitis media 
amendment . 

03/27/92 

Memo from FDA 

Medical reviewer requests need 
for use in Otitis media 
amendment . 

04/01/92 

Letter to FDA 

Submitted SAS files for LRTI and 
Pharyngitis and copies of 
documentation for patient 
profiles discs for LRTI and 
Pharyngitis previously submitted 
to medical reviewer. 

94/01/92 

Letter to FDA 

Listing of patients excluded from 
safetv and efficacv analvsis. 
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04/01/92 

Letter from 
FDA 

04/06/92 

Memo from FDA 

04/07/92 

Letter from 
FDA 

04/08/92 

Memo from FDA 

04/15/92 

Letter from 
FDA 

04/16/92 

Letter from 
FDA 

04/22/92 

Letter from 
FDA 

04/27/92 

Letter to FDA 

04/28/92 

Letter from 
FDA 

04/29/92 

Letter from 
FDA 

04/30/92 

Letter from 
FDA 

04/30/92 

Letter from 
FDA 

04/30/92 

Letter from 
FDA 

05/19/92 

Fax letter 
from FDA 

05/19/92 

Letter from 
FDA 

05/21/92 

Letter to FDA 

05/29/92 

Letter to FDA 

06/01/92 

Memo to FDA 



Request for further clarification 
of field definitions in LRTI 
patient profiles files request 
for field definitions for all 
files for UTI. 



Request from Leissa for 
explanation of numbers of 
patients enrolled. Request for 
Paradox and Lotus files for 
laboratory values for safety 
populations for capsules and 
suspensions NDA's. 



Leissa request for additional 
info on fax of 4/16/92 relative 
to files and fields. 


Questions on extended follow-up 
bronchitis patients. 


Per Brad Leissa' s (FDA) request, 
supplied disc copy of application 
summary. 


Request for duration of therapy 
information for C88-044-04-151 
and C88-044-04-153 . 


Request for extended clinical 
response information for patient 

C8 8-04 4 -2 4 -10 6 . 

Request for information on 
patient with adverse event of 
UTI . 


Request for explanation of non 
compliance for C88-044-30-102 . 
Request for adverse event 
information for patient C88-044- 
32-107 . 


CMC comments concerning Cedax 
suspension . 



Request for meeting with medical 
reviewer . 


Correspondence: request for 
agreement on proposal for otitis 
media amendment . 



CEDAX Pharma/Tox reports 

Summary of call to Mr. Peter 
Smith regarding FDA plans for 
inspection of Shionogi facilities 
in Kaneoasaki. 


06/03/92 

06/11/92 






















































06/15/92 

Meeting with 
FDA 

Meeting with FDA medical reviewer 
to discuss NDA. 

06/16/92 

Letter to FDA 

FDA letter acknowledging receipt 
of pharm/tox reports - 06/03/92. 
Submission considered major 
amendment . 

06/18/92 

Letter from 
FDA 

Leissa request for added 
information on 188-111-02-017, 
111/188-217-05-105, 102/188-217- 
01-112. Also questioned dosinq. * 

06/18/92 

Letter from 
FDA 

Leissa request for clinical 
signs /symptoms in patient 
profiles for 188-111-04-103. 

06/19/92 

Internal Memo 

Summary of phone call: Leissa' s 
requests of 6/19/92 concerning 
middle ear fluid levels 
pharmakinetic data in bronchial 
secret only safety update for Nov 
for suspension. 


6/22/92 

Letter to FDA 

Per 06/18/92 Request from B. 
Leissa for more information on 
patients: 188-11-03- 
106/107/109/110; 188-217-01-102; 
188-217-05-103; 188-217-05-104 ; 
188-217-09-103/111 . 

06/24/92 

Letter from 
FDA 

Leissa requested additional 
information on 188-217-14; 010/ 
188-217-17-101; 104/ 188-217-231- 
08/ 188-327-01-104; 188-327-03-02 

06/24/92 

Internal Memo 

Summary of a telephone 
conversation: Dr. Lamb called to 
say they used the Ceftibuten 
pediatric data generically for an 
APS poster session. 

06/24/92 

Letter from 
FDA 

Leissa request for more 
information on C88-044- 
04-112. 

06/24/92 

Letter from 
FDA 

Leissa request for comment pages 
from CRFS for bronchitis patients 
from 188- 

111; 188-217 and 188-327. This 
will be followed by all comment 
paqes from all NDA studies. 

06/25/92 

Internal Memo 

Summary of a phone Request by 
Leissa for comment pages from CRF 
for all NDA patients and for 
numeric definitions of letter 
used in laboratory normal ranges. 

06/26/92 

Fax letter to 
FDA 

Per Leissas request of all CRF 
paqes . 

07/01/92 

Internal Memo 

Summary of a Telephone 
conversation with Mr. Peter 
Dionne regarding possible 
sourcing of an intermediate for 
Ceftibuten synthesis from a 
contract facility. 

07/02/92 

Letter from 
FDA 

Request for 100 mg formulation 
from pharm sci response received. 






































07/02/92 

Letter from 
FDA 

07/08/92 

Letter from 
FDA 

07/08/92 

Fax letter to 
FDA 

07/29/92 

Letter to FDA 

07/31/92 

Fax letter to 
FDA 

08/03/92 

Fax letter to 
FDA 

08/10/92 

Letter from 
FDA 

08/10/92 

Memo f rom FDA 

08/12/92 

Letter from 
FDA 

08/12/92 

Memo to FDA 

08/13/92 

Memo to FDA 

08/14/92 

Letter to FDA 

08/17/92 

Letter from 
FDA 

08/17/92 

Letter from 
FDA 

08/18/92 

Letter from 
FDA 

08/18/92 

Letter from 
FDA 

08/19/92 

Memo f rom FDA 


Leissa request for 1) who 
received 100 mg in NDA 2) where 
is bioequivalence data for 
200/400 (answered) 3) total doses 
4) 188-217-01-107/108 5) 
formulation ect for 100/200/100 

mg (answered) . 

Request by Leissa for CRF 188— 
327-01-106 response via phone 

7/8/92 . 

Per Dr . Samara ' s request of 
7/22/92 regarding Cedax formulas. 
CRF comments pages for PED UTI 

study 188-116. 

Per request of 7/22/92, 
classifications of patients 
discussed at vour 6—15 meeting. 
Per Leissa' s E-mail of 7/22/92 
concerning Dr. Rolek's 

Qualifications . 

Leissa requests for information 
on UTI centers C87-069, 4/7/9/10 : 
187-247/1/2/3: 187- 
326/1/9/10/13/14/18/21/22: 187- 
128/4/5/6: 188-116/6/7/8 also 
requested info on fields - 

clarify . 

More information requested on 

fields by Leissa. 

Request for additional 
information on PT 187-325-02 009; 
187-223-01 10 and request for re- 

examination of total doses. 

Regulatory requirements for Phase 

IV studies sent to Leissa. 

Regulatory requirements for Phase 
IV clinical studies. 

Responses to CMC questions and 
submission of draft labelling. 
UTI-patient C87-069-03-03 

comments page marked out why? 

Clarification re UTI 
C87/069/02/009 comment pages says 
Klebsiella Oxytoca grew, patient 
profile says Klebsiella 

Pneumoniae . 

C87-069-01-20 : comment page and 
profile do not match; please 

identify correct information. 

E-mail request of 8/18/92 C87- 
069-05-018 patient profile IDA 
severe diarrhea as an ADR. also 
reported this was secondary to 
Clostridium difficile and 
received f la gyl - : No mention- in 

safety summary what happened. 
Status of medical review of 
Ceftibuten NDA. 
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08/19/92 


08/20/92 


08/20/92 


08/21/92 


08/21/92 


08/26/92 


08/27/92 


09/09/92 


09/10/92 


09/14/92 


09/16/92 


09/17/92 


09/18/92 


10/04/92 


10/05/92 


10/08/92 


10/19/92 


10/20/92 


Letter from 
FDA 


Letter from 
FDA 


Letter from 
FDA 


Letter from 
FDA 


Memo from FDA 


Fax letter 
from FDA 


Letter to FDA 


Letter to FDA 


Leissa request for Mic/Zone size 
Information re 187-326-03-000 


E-rnaxl requesting CRFS for 24 
patients from 187-24-702 and 187- 
24-703. 


Patient profiles with 
neurogenet ic complications 
excluded from evaluation. Please 
explain . 


Leissa request to check 
susceptibility for 187-326-03- 
011 . 


tus of request by Leissa for 
onciliation of UTI patient 
files. 

Biopharmaceutics reviewer from 
FDA for Cedax capsules . 



Memorandum of minutes of 6/15/92 
meet ing with FDA reviewer. 


Letter from 
FDA 

Letter from FDA requesting 
additional info on samples and 
methods validation. 

Memo to FDA 

Planned improvements to computer 
hardware and software request for 
Or. Leissa' s draft review on 
LRTI . 

Fax Letter to 
FDA 

Response to 9/16/92 questions. 


Letter from 
FDA 



Fax letter to 
FDA 

Pre request of 9/17/92 regarding 
total doses . 

Memo from FDA 

Request from Leissa for 
additional information on 188— 
217-07-112, 217-08-101, 271-18- 
104 reason for "changing" 
diagnosis . 

Memo from FDA 

Design of sinusitis studies, 
plans for otitis media electronic 
files, status of NDA review of 
market support studies requested 
by Leissa. 


Fax letter to 
FDA 


NDA Amendment 
to FDA 


Internal Memo 


Fax letter to 
FDA 



Otitis media amendment. 


Display of fields for suspension 
NDA electronic files for patient 
rofiles . 


Request from 10/9/91 concerning 
pneumonia patients rediagnosed as 
bronchitis . 


10/20/92 







































10/29/92 


Internal Memo 


10/30/92 I Internal Memo 


11/02/92 

Letter from 
FDA 

11/02/92 

Internal Memo 

11/02/92 

Letter from 
FDA 

11/02/92 

Memo f r om FDA 

11/02/92 

Letter from 
FDA 

11/05/92 

Memo to FDA 

11/05/92 

Letter to FDA 

11/16/92 

Memo to FDA 

11/30/92 

Memo from FDA 

11/30/92 

Letter from 
FDA 

12/03/92 

Internal Memo 

12/04/92 

NDA Amendment 
to FDA 

12/10/92 

Memo f r om FDA 

12/11/92 

Memo to FDA 

12/16/92 

Letter to FDA 

01/04/93 

Internal Memo 

01/06/93 

Memo f rom FDA 

01/07/93 

Fax letter to 
' FDA 

01/08/93 

Memo to FDA 


Summary of a conversation between 
Leissa and Hammer agreeing to lab 
tests during therapy at 3-5 days 
and 3-5 days post therapy visit 
to replace 1-2 day end of 

treatment visit. 

Summary of a phone conversation 
regarding phase I I IB protocols 
between Schering/Leissa . Leissa 
gave go ahead with agreed upon 
corrections. 

Otitis Media amendment sent 
10/19/92 acknowledgement. 



Acknowledgement of new "due" date 

for suspension. 

Update on status of pre-clinical 
for cap discussion of PI with 

Carmen . 

Replacement pages for 10-28-92 
submission sent to capsule NDA. 



Review of capsule NDA, medical 
reviewer comments on draft 
sinusitis protocols C92-107 and 
C92-125 . 



Safety update for powder to 
support once daily 

administration . 

Additional programming for 

electronic files. 

Plans for submission on 
electronic files of clinical data 

for suspension NDA. 

Submission of draft suspension 
insert for cedax. 



Countries where CEDAX is approved 
and DATE of approval and dosing 

reqimem 

Per 01/06/93 Request by Leissa 
concerning difference in 400 mg 

formula . 

Response to Dr. Leissa request PF 
1/7/93 regarding international 
approvals and dosage . 
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01/19/93 


01/19/93 

Letter to FDA 

Submission of kew efficacy tables 
for pharyngitis and otitis media 
to be updated to reflect 
corrections in clinical data. 

01/19/93 

Letter to FDA 

Replacement computer for medical 
reviewer . 

01/20/93 

Letter to FDA 

Notification of installation for 
: electronic files for pharyngitis 
patient profiles and laboratory 
: data. Submission of supporting 
documentation including log of 
data corrections. 

01/29/93 

Memo to FDA 

Arrange for submission of Cedax 
samples and methods validation 
packages . 

02/02/93 

Letter from 
FDA 

Acknowledgement of pharyngitis 
correction files submitted 
01/19/93 and received 1/20/93. 
Date of review now 6/19/93. 

02/11/93 

Memo to FDA 

Status of capsule review 


notification Leissa will review 
Otitis media first. 


02/19/93 

02/25/93 

03/10/93 

03/12/93 


Memo from FDA 


Letter to FDA 


Memo from FDA 
Letter to FDA 


2/19/93 E-mail requesting comment 

pages and clinical responses. 

Submission of electronic files 
and hard copy for otitis media 

data base corrections. 

Update of FDA review suspension 
Submission of updated otitis 
media and a copy of patient 
profiles . 


03/15/93 

03/18/93 


Letter to FDA Submission of comment pages per 

Leissa 1 s 2/19/93 report. 

Internal Memo Summary of phone call to Mr. 

Dionne to discuss 1) submission 
of corrected dissolution 
procedures based on pre-approved 
inspection, 2) submission of 
update to manufacturing process 
description for powder for 
suspension, 3) submission of 
alternative suppliers of 3- 
alcohol intermediate for 
Ceftibuten . 


03/19/93 


Letter to FDA 


Provision for CMC inconsistencies 
in text identified during Miami 
inspection and 18 and 36 mg/ml 
dissolution rate procedure and 
specs . 


03/22/93 


Letter to FDA 


Responses to FDA 483 issue to a 
request on 3/8/93 by investigator 
Stephen J. Tunks, regarding his 
proapproval inspection of our 

Cedax operations. 

Discussion of Ceftibuten non- 
approval letter and request for 
additional otitis media data. 


03/24/93 


Memo to FDA 







































03/26/93 


Letter to FDA 


04/09/93 

Memo from FDA 

04/09/93 and 
04/10/93 

Internal Memo 

04/09/93 

Internal Memo 

04/10/93 

Memo from FDA 

04/12/93 

E-mail from 
FDA 

04/12/93 

Memo from FDA 

04/12/93 

Memo from FDA 

04/13/93 

Letter to FDA 

04/13/93 

Letter to FDA 

04/13/93 

Letter to FDA 

04/13/93 

Fax letter to 
FDA 

04/13/93 

Memo from FDA 

04/13/93 

Memo from FDA 

04/14/93 

Letter to FDA 

04/15/93 

Memo from FDA 

04/15/93 

E-mail from 
FDA 

04/16/93 

Memo f rom FDA 


Submission of comment page number 
24 for 188-115-14 to Dr. Schloss 
(our submission of 3/15/93 PG 

895A) . 

Dr. Leissa' s request concerning 
clarification to the data base 

our 2/25/93 submission. 

Summary of 04/09/93 and 04/10/93 
phone calls from Leissa: his 
requests for protocol C90-886, 
overall key of abbreviations, 
disk of revised efficacy tables. 
Summary of a phone call from Mr. 
Taylor (FDA analytical labs) with 
questions regarding the 
analytical procedure for 
determination of group X 
impurities in Ceftibuten. Dr's. 
Chambers and Reimann called him 
back to respond to his questions. 
Dr. Chambers arranged to lend the 
appropriate HPLC column to the 
FDA labs for assay validation for 
the group X related substance . 


Questions regarding Ceftibuten 
suspension from Dr. Leissa. 

E-mail identifying active 
ingredients for following drugs. 

Leissa' s request of 04/12/93 
regarding international drugs. 

Questions regarding Ceftibuten 
suspension from Dr. Leissa. 

Submission of mouse subdirectory 
on "D" diskdrive. 

Response to Leissa' s 4/9/93 
request for overall key to 
abbreviations . 

Disk of revised efficacy table. 

Response to Leissa 's request of 
04/12/93 regarding international 
drugs . 

Inquiry on Otitis Media amendment 
of 10/19/92 C88-082-01 . 

Discrepancy in total patient 
numbers please explain, 1/20/93 
amendment were patients added or 
deleted? 

Resubmission of page 151 from 
Feb. 02/25/93 25th submission 
with fields that each data value 
can be found in . 

List of formulations for Otitis 
media studies C90-037 and C90-886 
submitted in 10/19/92 Amendment. 

E-mail requesting formulations 
used in clinical trials. 

Question on patient C90-037- 
10,004. 
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04/19/93 


Memo from FDA 


04/21/93 

Memo to FDA 

04/22/93 

Letter to FDA 

04/28/93 and 
04/29/93 

Internal Memo 

04/29/93 

Letter to FDA 

04/29/93 

Memo from FDA 

04/30/93 

Memo from FDA 

04/30/93 

Letter to FDA 

05/03/93 

Letter to FDA 

05/04/93 

Letter to FDA 

05/04/93 

Memo from FDA 

05/04/93 

Memo from FDA 

05/04/93 

Memo from FDA 

05/05/93 

E-mail from 
FDA 

05/05/93 

Letter to FDA 

05/05/93 

Fax letter to 
FDA 

05/06/93 

Memo from FDA 


What formula used for C8 9-2 67-02 
difference between C88-082-16 and 
C88-82-01, difference between 
188-115- 

11 . ' 

Response to Leissa's E-mails of 

4/16/93 and 4/13/93. ; 

Replacement disk sent to Dr. 
Leissa for use (his disk was 

flawed) . ' __ 

Summary of a 04/28/93 Dr. Leissa 
call regarding the definition of 
armstrong tables, and our 

response by phone on 4/2 9/93. 

Replacement disk for ISS - table 

SUS. 

Leissa's request for definitions 
for the abbreviations used for 
tympanogram results in C88- 

082/188-115. 

Dr. Leissa wants confirmation of 
his understanding of visits vs 
culdav entries in the database. 
Response to 2/19/93 request for 

clinical response changes. 

Response to the Leissa request of 
4/9/93 for protocol C90-886 and 

amendments . 

Response to 4/13/93 request for 
patient profiles on six patients 
added to safety (188-112) these 
were post NDA. 

C90-037 (7) missing patient from 
Leissa's database. Explain why. 
C90-037-11-008 not in database 
etc, is this a typo? 
C88-082-02-025 - final clinical 
response is "sustained 
improvement" and listing had 

tVPQ . 

"what is definition of clinical 
efficacy" population what is 1 
degree population "clinical 
efficacy" of efficacy does 
"efficacy" population = "valid" 

population? 

Per 4/26/93 request, paradox file 
submitted for temperature route . 
Response by fax to E-mail of 
4/15/93 for clinical 

formulations . 

Incomplete concomitant therapy 
files. This was addressed in a 
phone call. Dr. Leissa was 
mistaken . 
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05/06/93 


05/06/93 

Memo from FDA 

05/07/93 

Memo f r om FDA 

05/08/93 

Memo from FDA 

05/08/93 

Memo f r om FDA 

05/08/93 

Memo from FDA 

05/08/93 

Memo from FDA 

05/13/93 

Letter to FDA 

05/14/93 

Memo from FDA 

05/16/93 

Memo from FDA 

05/17/93 

Internal Memo 

05/17/93 

Memo from FDA 

05/19/93 

Letter to FDA 

05/20/93 

Memo from FDA 

05/23/93 

Memo f rom FDA 

05/24/93 

Memo from FDA 

05/24/93 

Memo to FDA 

05/25/93 

Memo from FDA 

05/25/93 

Memo from FDA 

05/25/93 

Memo from FDA 

05/28/93 

Memo from FDA 

06/01/93 

Memo from FDA 

06/01/93 

Memo f rom FDA 

06/01/93 

Memo from FDA 


Questions on C90-886-02-024 and 

C 90-88 6-0 6-0 19 . 

Concerning clinical response 
definition on C90-037 and C90- 

886 . 

Leissa E-mail regarding exclusion 

reasons . 

Leissa E-mail regarding otorrhea 
and perforation for 8 patients in 

188-115. 

E-mail concerning otorrhea and 
perforation . 

E-mail from B. Leissa concerning 
exclusion reason C88-082-110-26 . 
Submission of Electronic Files 
Structurio per Dr. Leissa* s 
request . 


E-mail from Dr. Leissa (5/14/93) 
concerning validity and bacteria 
results of 4 pts. from C88-082- 
16-006; 28/C88-082-3L- 

005; 015. 

E-mail form Dr. Leissa (5/16/93) 
concerning 188-115 evaluation 
blinded - why document pages 
indicate study drug patient 
randomized to "tympanostomies 1 *? 
Inquiry as to whether a re- 
inspection had been rescheduled 

in Miami . 

E-mail from Leissa. What 
happened to 188-115-12-008/009? 
Not in database. 

Disk containing file NMVTV1PAT.SC 
from R. Eckert per Dr. Leissa 's 

request . 

List of patients identified in 

188-115 with tympanostomies. 

E-mail from Leissa concerning 
"misrandomized: patients C90-037 

188-115. 

E-mail from Leissa requesting 1) 
algorithm 2) explanation for C90- 
037-12- 

028. 

Responses to E-mails of 

discussion of ISE/ISS. 

E-mail from Leissa found amended 

CRF * s . 

E-mail from Leissa concerning 
revised definitions. 

Question concerning revised 
definition and patient C90-037. 

Dosing data confusion. 

Micro responses for C90-886. 

Locate profile for C90-886-02005 . 
What happened to patients form 
C90-88 6-02 # 6 0-10-; 5; 18-20. 
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06/01/93 


Memo f rom FDA 
06/03/93 Memo from FDA 
06/04/93 Internal Memo 


06/06/93 

Memo from FDA 

06/08/93 

Internal Memo 

06/16/93 

Memo from FDA 

06/17/93 

Memo from FDA 

06/17/93 

Memo from FDA 

06/17/93 

Internal Memo 

06/18/93 

E-mail from 
FDA 

06/21/93 

Letter to FDA 

06/23/93 

Internal Memo 

06/23/93 

Memo from FDA 

06/23/93 

Memo f rom FDA 

06/24/93 

Memo f rom FDA 

06/24/93 

Letter to FDA 

06/25/93 

Memo fro.m .FDA 


Caveat to planned October 1993 

submission for AEBC. 

Noncompliance issue C90-886-02- 

024 . 

Summary of a phone call to C. 
DeBellas regarding Proposed date 
and items for Cedax meeting 
proposed for July. 

Discussion regarding UTI 
indication and overall Ceftibuten 

suspension review. 

Summary of Garaud, Lamendola, 
Reidenberg, Rubin, Taglietti 
discussion of 06/04/93 phone call 

with FDA. 

Clarification EOT responses for 5 
additional patients in C90-037 

rev def 2. 

Current understanding was at 
least 80% of calculated dose 

taken . 

Further dosing clarification on 
C90-037- 

10-15. 

Summary of a Telephone 
conversation concerning Miami 
inspection and letter to Mr. 

Koan . 

E-mail from Leissa requesting 
clarification of response to 
5/14/93 E-mail on C88- 

082 . 

Letter to district office in 
Miami responding to letter to Mr. 
Koan . 

Summary of a phone Conversation 
with C. DeBellas notifying us of 
review clock extensive on 
suspension NDA for 80 days. Also 
bronchitis amendment does not 
need statistical section. 

Leissa' s request for a walk 
through calculations on 
suspension see E-mail 6/17/93 

12:00 PM. 

Response to Maico's inquiry on 
definitions for micro responses. 
Brad Leissa 's request for 
clarification on C88-082 and C88- 

088 for organism response. 

Withdrawal of UTI indication from 

suspension NDA. 

Request by Leissa. for. specific., 
gravities on Cefaclor and 
Ceftibuten. Overview of drug 
compliance for C88-082/I88-115 . 
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07/07/93 

Letter to FDA 

07/09/93 

Letter to FDA 

07/19/93 

Letter from 
FDA 

07/22/93 

Letter to FDA 

07/30/93 

Internal Memo 

08/02/93 

Letter and 
package to 
FDA 

08/12/93 

Letter to FDA 

08/14/93 

Memo from FDA 

09/09/93 

Letter to FDA 

09/10/93 

Internal Memo 

10/05/93 

Letter to FDA 

11/02/93 

Letter to FDA 

11/02/93 

Letter to FDA 


Letter to FDA 


Submission of algorithm for 
"crossover otitis" as requested 

by Dr. Leissa 5/6/92. 

Paradox script files unrelated to 
any specific aspect of Cedax. 

NDA review extended 180 days to 
December 16, 1993. 

Per June 25, 1993 request from 
Dr. Leissa enclosed - overview of 
compliance checks for C88- 
082/188-115. C87-112 and C88-065. 
Summary of a phone call by Mr. 
Taylor with request to borrow a 
15 cm system 1 HPLC column used 
in analysis of Ceftibuten related 
compounds . The column was sent 
by Mr. Guazzo on August 2 (letter 

attached) . 

HPLC column requested by FDA on 
07/30/93 phone call. 


Response to Leissa' s 6/1/93 E- 
mail requesting micro response to 

C90-886 . 

Dr. Leissa 's request for the 

remaining data for C90-886. 

Submission of C90-886 remaining 
data for 147 reaming patients. 
Summary of a phone Discussion 
with Dr. Leissa regarding 
Ceftibuten suspension review. He 
described reasons for his delay 

and gave new projected dates . 

Submission of FOI version of 
suspension EA. submission of 
summary table of data for 
confidential EA. submission of 
minor changes to manufacturing 
procedures . 

Field copy of submission dated 
11/02/93 to division of anti- 
infective drug products regarding 
alternative drug substance 
intermediate sourcing. 

Amendment, drug substance 
intermediate sourcing. 
Notification to the NDA of 
concurrent amendment to NDA 50- 
685 for Cedax capsules providing 
for alternative suppliers of the 
intermediate 3 alcohol VII. 
Attached amendments to 
confidential and FOI version of 

environmental assessment. 

Si 

Pi 

si 


11/09/93 






































12/01/93 


12/09/93 


Internal Memo 


Summary of phone conversation 
with C. DeBellas Preliminary 
review of suspension FPL: Leissa 
Temporarily assigned to another 
project; we will resume in mid 


12/01/93 

Letter to FDA 

Submission of Ceftibuten Drug 
Substance . 

12/09/93 

Memo to FDA 

Ceftibuten CFR monograph 
gentamicin sulfate reference std. 


Internal Memo 


Summary of a phone conversation 
with Leissa: Discussed Ceftibuten 
suspension review status; Leissa 
will resume review on 12/10/93. 


12/13/93 

Letter to FDA 

Pre-approval submission of FPL 
for discussion. 

12/13/93 

Memo f r om FDA 

Question on our 1/20/93 
submission on pharyngitis PT 
number 88-112-02-002. 

12/15/93 

Memo f r om FDA 

Calculation of prescribed daily 
dose. What was done for patients 
who were given pen V at a Cone . 
of 25 mg/ml of 100 mg/ml. 


12/16/93 


12/23/93 


12/28/93 


12/29/93 


01/17/94 


01/18/94 


Internal Memo 



Letter to FDA 


E-mail from 
FDA 


E-mail from 
FDA 


Internal Memo 


Letter to FDA 


Memo to FDA 


Summary of a phone Discussion on 
Ceftibuten suspension NDA review. 
Carmen Debellas (CSO) told us 
that we will have Dr. Leissa as 
the reviewer until he completes 
the suspension NDA. 


Response to Brad Leissa' s E-mails 
of 12/13 and 12/15/93 concerning 
the 1/20/93 submission of the 
pharyngitic corrections. 


Request for international 
marketing update concerning 
indications V dosage. 


Are Schering findings concerning 
on adequately presented by Leissa 
to division. 


hone call to C. 
new medical 
er Cedax, Dr. 

pick up th 
NDA and ha 
e bronchiti 
. Plans ar 


Response to Dr. Leissa 's 12-28-93 
E-mail regarding the status of 
the international market for 
Ceftibuten suspension. 


Cedax suspension - review targeted 
for completion by end of 1-94. 
Expect action letter by end of 2- 
94 . 
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01/19/94 


Memo f rom FDA 


01/21/94 

Memo to FDA 

01/23/94 

Memo from FDA 

01/24/94 

Letter to FDA 

01/24/94 

Memo from FDA 

01/25/94 

Letter to FDA 

01/26/94 

Letter to FDA 

01/29/94 

Memo f rom FDA 

01/30/94 

Memo from FDA 

02/02/94 

Memo from FDA 

02/10/94 

Internal Memo 

02/14/94 

Letter to FDA 

02/17/94 

Fax letter 
from FDA 

02/22/94 

Fax letter 
from FDA 

02/22/94 

Fax letter 
from FDA 

02/22/94 

f 

Letter from 
FDA 

02/23/94 

Fax letter 
from FDA 


C90-886 where are demographics 
and efficacy tables in the 
October 1992 submission? 


Discussion of Leissa's E-mails of 
1/19/94 and 12/29/93 overall 
results . 


C90-037 : how was diagnosis of EBV 
infection determined in patient 
with increased SGOT and SGPT 
(diagnosed with mononucleosis) . 


Dr. Taglietti's response to Dr. 
Leissa's E- 

mail of 12-29-93 regarding 
summary of findings of acute 
otitis media. 


Abbreviations in the data base 
(X90886) how do LEDR and REDR 
translate? 


Response to Dr. Leissa's E-mail 
of 1-19- 

94 requesting demographics and 
efficacy tables for C90-886. 
Included: summary tables for 
adverse events, deaths and lab 
values and listings to support 
the tables . 


Word Perfect copy of our letter 
of 1-24- 

94 containing Dr. Taglietti's 
response to E-mail dated 
12/29/93. 


Pharyngitis issues related to 
C87-112 . 


More pharyngitis issues related 
to C87- 
112 . 


Otitis Media evaluation windows. 


Summary of phone call to C. 
DeBellas regarding status of 
suspension review. 



Summary by FDA of 2/21/94 phone 
call regarding Additional 
questions concerning EA's for 
Cedax caps/suspension . 


Evaluation - windows of the 
pharyngitis trials C87-11206037 . 


Approval of methods validation. 
Also, requested comments on 
monographs; as well as material 
for establishment of a master and 
working standard. 
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02/25/94 


Internal Memo 


02/26/94 

Memo f r om FDA 

02/27/94 

Memo to FDA 

02/28/94 

Letter to FDA 

03/04/94 

Letter from 
FDA 

03/04/94 

Letter to FDA 

03/07/94 

Fax letter 
from FDA 

03/09/94 

Letter to FDA 

03/21/94 

Letter to FDA 

03/21/94 

Internal Memo 

03/23/94 

Letter to FDA 

03/26/94 

Letter from 
FDA 

03/26/94 

Letter from 
FDA 


Summary of a call made to Dr. 
Leissa to discuss his 2/22/94 and 
2/23 and 2/24/94 E-mails. Also 
present for the call were Drs . 
Garanud and Tagletti . The 
discussion related to how the 
criteria for the micro and 
clinical EOT and EXT were 

determined. ' 

Additional point concerning C87- 

112090-53. _____ 

Follow up E-mail dated 2/26/94 on 
micro/clinical response . Who 
assigned clinical and 
Bacteriologic responses at 
EOT/EXT for pharyngitis? 
Inadvertently sent directly to 
Brad Leissa from Marco Taqlietti. 
Responses to FDA fax of 02/24/94 
concerning the environment 
assessment, (suspension) . 

Follow up: Brad Leissa is 
awaiting responses to 2/2/94 E- 
mail regarding evaluation 

windows . 

Responses to pharyngitis issues 
in FDA E-mails of 2/22/94, 

2/23/94. 2/24/94, 2/26/94. 

Memorandum of a 03/07/94 
telephone conversation regarding 
FOI copy of environmental 

assessments . 

Response to question #11 and #14 
in our FDA 02/17/94 Fax; Question 
#11 was question #4 in our 3-2-94 

submission . 

Draft non-conf idential 
environment assessment (revised) 
submission per Dr. Tso's request 
to combine original NC EA with 

amendment . 

Summary of a phone call to FDA 
regarding status of Ceftibuten 
suspension review. Otitis media 
issue deals with weakness against 

S . Pneumo . 

Non— confident ial environmental 
assessment revised with comments 
from Dr. Sutso fax of 03/07/94 
and conversation of 03/22/94. 

From Brad Leissa - Biotyping. 

From Brad Leissa: Patient 
C8711219006 bacteriologic 
response? 
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03/28/94 


Letter to FDA Letter to Mr . David Moss 

containing responses to questions 
regarding a loaner of PC 
equipment and software to Dr. 
Janice Soreth. This is in 
accordance to Canada guidelines; 
letter is their template . 


03/29/94 

Letter to FDA 

To Brad Leissa regarding phone 
conversation with Dr. Taglietti 
on 03/28/94. Confirmation of 
patient availability. 

04/04/94 

Fax letter 
from FDA 

From Dr. Soreth: Canada shipment 
arrived. 

04/14/94 

Letter to FDA 

Documents and computer disk sent 
to Dr. Soreth regarding 
installation of Paradox. 

05/19/94 

Letter to FDA 

Submission of comments to Draft 
CFR monographs for Ceftibuten 
substance dosage forms . Also, 
confirm as of submission of 
substance to develop standards . 

06/01/94 

Fax letter 
from FDA 

From Pere Dionne: regarding 
monographs sent to FDA on 
05/19/94 approved with minor 
comments . 

07/12/94 

Memo to FDA 

Change of Cedax suspension name 
regarding dosage form per FDA 
revision regarding of non- 
confident ial ET. 

07/22/94 

Fax letter 
from FDA 

Two Questions re: MIC ' s for H-flu 
and strep.pneum. Request EA 
deleting "powder" from 
suspension . 

07/25/94 

Letter to FDA 

Safety Update Report. 

07/25/94 

Letter to FDA 

Non Confidential environmental 
assessment revised to remove the 
word "powder" from the product 
name . 

07/25/94 

Letter to FDA 

Information Amendment: Clinical 
Safety Synopsis for C90-047. 

07/25/94 

Letter from 
FDA 

Re: Receipt of Ceftibuten to 
create Std. Analyzed & Assigned 
Potency Officially. 

07/29/94 

Letter to FDA 

Requesting meeting w/FDA 
discussing short term therapy 
program for Cedax Capsule & 
Suspension . 

07/29/94 

Memo 

Follow up to August meeting. 
People needed are dedicating time 
to Cedax NDA's review. 

08/02/94 

Memo 

Discussed review status of NDA; 
CDMP 92-107, short term therapy, 
& Sept, meetincr. 

08/08/94 

Fax letter 
from FDA 

Scheduling of Cedax meeting with 
FDA for 09/29/94 at 10:45 am. 

08/09/94 

Letter to FDA 

Response to ,FDA fax (7/22/94) . 
from Carmen Debellas, CSO 
regarding microbiological testing 
H-inf & S. Pneum. 
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08/09/94 

Fax letter 
from FDA 

Correction of Ceftibuten 
Substance Monograph Numbers from 
Valerie Flournoy. 

08/12/94 

Fax letter 
from FDA 

Request to Reformat the Adverse 
Reaction Section of Package 
Insert (from Carmen Debellas) . 

08/22/94 

Letter to FDA 

Disk Containing Reformatted 
Adverse Reaction Section of 
Package Inserts. (Referring to 8- 
12-94 recruest) 

09/02/94 

Memo 

Discussion on status of Cedax 
Suspension Review & Antral 
Puncture vs. Endoscopy for 
Sinusitus Program. 

09/29/94 

Meeting with 
FDA 

CEDAX oral suspension NDA. 

11/21/94 

Letter to FDA 

11-29—94 Meeting Agenda enclosed 
with 2 Protocols for study of 5- 
day therapy in acute otitis 
media . 

11/23/94 

Memo 

Discussion between Carmen & 
Lumpkin on Pharm Study; 
Labels/Cartons; Pi's; & ADR's. 
Packages also returned. 

11/28/94 

Memo 

Considering arrangements for a 
preliminary "date" for labeling 
meeting . 

11/29/94 

Meeting with 
FDA 

CEDAX oral suspension protocols 
for use in short term therapy. 

12/29/94 

Letter from 
FDA 

Approvable Letter for our 
12/20/91 New Drug Applications. 

01/03/95 

Letter to FDA 

Re: 12-29-94 letter, 2 
applications approved. Need 
additional info & meeting. 

01/03/95 

Letter to FDA 

Meeting Minutes on 11/29/94 
discussing usage of Cedax in 
short term therapy. 

01/04/95 

Internal Memo 

Summary of phone Conversation 
w/Carmen on FDA letter: item 8. 
(international labeling, 
translations, additional studv) 

01/06/95 

Memo 

Question on PI; missing micro 
data; sucrose formulation; 
discussion w/Renata & Janice on 
S. Pneum. in Europe (#6) . 

01/10/95 

Memo 

Agreement to send M. Cat Data in 
w/draft PI to support AECB in 1 
complete package . 

01/12/95 

Internal Memo 

Summary of phone Conversation 
w/Carmen re: 045 study. Exploring 
dates for future conference. 

01/13/95 

Internal Memo 

Summary of phone Discussion 
w/Carmen re: otitis media. 
Corrections needed for future 
review . 

02/02/95 

Letter to FDA 

Outline of 5 items for Dr. 
Soreth's teleconference on 2-3- 
95. 
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02/02/95 


Medical Officer's Review of NDA 


02/03/95 

Memo to FDA 

Discussed the five issues 
identified in the approvability 
letter of 12/29/94. 

03/07/95 

Letter to FDA 

Requesting meeting w/Lumpkin to 
discuss Cedax Suspension/Capsule 
proposed labeling. Agenda 
submitted. 

04/27/95 

Letter to FDA 

Agenda letter for 5-12-95 meeting 
on acute otitis media & acute 
bacterial exacerbation of chronic 
bronchitis . 

05/02/95 

Letter to FDA 

Response to approvability letter 
of 12/29/94 

05/12/95 

Meeting with 
FDA 

Acute otitis media and acute 
bacterial exacerbation of chronic 
bronchitis . 

05/15/95 

Internal Memo 

Minutes of 5/12/95 FDA Meeting 
Re : Cedax 

05/18/95 

Letter to FDA 

Summary of Cedax PI. 


06/20/95 


06/23/95 


06/26/95 


07/07/95 


07/17/95 


08/02/95 


08/10/95 


08/16/95 


09/07/95 


09/11/95 


09/12/95 


09/13/95 


Letter to FDA 


Letter to FDA 


Tele- 
conference 
with FDA 


Memo to FDA 


Letter to FDA 



Letter to FDA 


Letter to FDA 


Approvable 
Letter from 
FDA 


Letter to FDA 


Tele- 
conference 
with FDA 


Letter to FDA 


Enclosed flat color copy of main 
panel of Cedax compliance kit for 
review. Included in pre-approval 
launch to DDMAC . 


Compliance Kit for CEDAX 


Summary of call by Dr. Giaquinto 
to Dr. Lumpkin per the Cedax 
Labeling sent to the FDA on 
6/23/95. 


Responsive to 06/26/95 
Teleconference Labeling agreement 


Verification of requirements to 
implement use of a new warehouse 
for Cedax related activities. 


Submitted the logo for Cedax Oral 
Suspension for review. 


Submitted replacement pages for 
clinical study report 
C88/082/I88— 115 previously 
submitted to FDA on 10/19/92. 


Ask 

paCKage ana suom 
that is identica 

/ 


Letter notifying FDA of our 
intent to provide the requested 
information required for the 
approval of the NDA's 


Discussions with FDA regarding 
CEDAX Labelling. 


Following a teleconference of 
9/12/95, suggested that a meeting 
be set up to discuss the labeling 
roposed in the letter of 9/7/95 . 
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10/23/95 

Letter to FDA 

Pursuant to a 10/13/95 phone 
conversation, meeting at FDA 
planned for 11/14/95 at 4 p.m. 

11/14/95 

Meeting with 
FDA 

CEDAX Labelling. 

11/20/95 

Letter to FDA 

Submission of final draft Cedax 
PI 

12/07/95 

Letter to FDA 

Proposed Journal ads for Cedax 
Capsules/Suspension . 

12/18/95 

Memo 

Follow-up with Mr. DeBellas to 
discuss labeling issues 

12/20/95 

Approval 

Letter 

CEDAX (Ceftibuten for Oral 
suspension) NDA. 

12/20/95 

Letter to FDA 

Letter of confirmation of 
labeling for both Cedax 
Suspension/Capsules 

12/27/95 

Letter to FDA 

Proposed promotional and 
advertising materials. 

01/04/96 

Letter to FDA 

Per FDA approval letter of 
12/20/95, enclosed were 15 copies 
of the final printed package 
insert . 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


x 

In re: United States Patent 
No. 4,634,697 




Attn: Box Patent Ext. 


Inventor: Yoshio Hamashima 


Issue Date: January 6, 1987 


x 


Honorable Commissioner of Patents 
and Trademarks 
Washington, D.C. 20231 



REQUEST FOR EXTENSION OF PATENT TERM UNDER 

35 U.S.C. $156 


Sir: 


Pursuant to' 35 u.S.C. § 1 56 C.F.R.§§ 1 “-■ 1 ,785, 

* 

Schering Corporation ("Schering"), authorized agent (see Exhibit I) for 
Shionogi & Co., Ltd. (“Shionogi"), owner of the above-identified patent by 
virtue of an Assignment by Yoshio Hamashima of his interests in the above- 
identified patent which was executed on March 7, 1985 and recorded in the 
United States Patent and Trademark Office ("USPTO") on March 12, 1985 at 
Reel: 4383, Frames: 0597 to 0598 (Exhibit IX) hereby requests an 


extension of the 20 year from filing date patent term set pursuant to 35 


30051 U^C.J154<c)(1) of United States Patent No. 4.634.697. 1 


19-0345 030 111 1.040.00CH 


^This request is proper under the October 16, 1995 Memorandum Opinion 
in Merck et al., U.S. District Court for the Eastern District of Virginia, Consolidated Nos. 95-CV- 
1005 et al. Schering recognizes that the Commissioner of Patents and Trademarks, the 
Commissioner of Food and Drugs, and the Generic Pharmaceutical Industry Association 
("GPIA") have appealed to the United States Court of Appeals for the Federal Circuit to 
reverse the District Court's decision. Merck v. Kessler, Fed. Cir. Nos. 96-1 1 08 et al. If the 
Federal Circuit adopts the position advanced in that case by the Commissioner of Patents 
- and Trademarks and the Commissioner of Food and Drugs, then Schering requests an 
extension of the 1 7 year from issue term of United States Patent No. 4,364,697. If the 
Federal Circuit adopts the position advanced in that case by the Generic Pharmaceutical 
Industry Association in that case, then there is no need for Schering to change its request for 


The following information is submitted in accordance with 35 
U.S.C. §1 56(d) and the rules for extension of patent term issued by the 
USPTO at 37 C.F.R. Subpart F, §§1.710 to 1.785 and follows the numerical 
format set forth in 37 C.F.R. §1.740. 

(1 ) A COMPLETE IDENTIFICATION OF THE APPROVED 

PRODUCT AS BY APPROPRIATE CHEMICAL AND GENERIC NAMES, 
PHYSICAL STRUCTURE OR CHARACTERISTICS: 

The approved product is CEDAX® (Ceftibuten capsules). As used 
herein, the chemical name for the active ingredient in the approved product 
is ceftibuten which is present in the approved product as ceftibuten 
dihydrate. The active ingredient in the approved product has the following 
generic and chemical names and structural formula: 

Generic Name: Ceftibuten/Ceftibuten dihydrate 

Code Designations: 7432-S (Shionogi); 

and Sch 39720 (Schering) 
CAS Registry Number: CAS 97519-39-6 

Chemical Names; 

(1) 5-Thia-1-azabicyclo [4.2.0] oct-2- 
ene-2-carboxylic acid, 7-[[2-(2-amino-4-thiazolyl)-4- 
carboxy- 1 -oxo-2-butenyl]am ino]-8-oxo-, 

[6R-[6a,7l3(Z)]], dihydrate 


extension of the 20 year from filing term of United States Patent No. 4,364,697. Schering 
explicitly reserves the right to seek reconsideration and review of a USPTO determination to 
grant an extension of the 1 7 year from issue date term. 


2 


(2) (+)-(6R,7R)-7-[(Z)-2-(2-Amino-4-thiazolyl)-4- 
carboxycrotonamido]-8-oxo-5-thia-1-aza 

bicyclo [4.2.0] oct-2-ene-2-carboxylic acid, dihydrate. 

(3) 7l3-[(Z)-2-(2-Aminothiazol-4-yl)-4-carboxy-2- 
butenoylamino]-3-cephem-4-carboxylic acid, dihydrate 


Structural 


Formul a 
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(2) A COMPLETE IDENTIFICATION OF THE FEDERAL STATUTE 
INCLUDING THE APPLICABLE PROVISION OF LAW UNDER WHICH THE 
REGULATORY REVIEW OCCURRED: 

The regulatory review occurred under §507 of the Federal Food, 

Drug and Cosmetic Act ("FFDCA"), 21 U.S.C. § 357. Section 507 of FFDCA 
provides for the submission and approval of new drug applications ("NDAs") 
for antibiotic drug products meeting the definition of "antibiotic drug" under 
§507 of the FFDCA, 21 USC §357(a) 
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(3) AN IDENTIFICATION OF THE DATE ON WHICH THE 
PRODUCT RECEIVED PERMISSION FOR COMMERCIAL MARKETING OR 
USE UNDER THE PROVISION OF LAW UNDER WHICH THE APPLICABLE 
REGULATORY REVIEW PERIOD OCCURRED: 


CEDAX® (ceftibuten capsules) were approved by the FDA for 
commercial marketing on December 20, 1995 for treatment of acute 
bacterial exacerbations of chronic bronchitis, acute bacterial otitis media 
and pharyngitis and tonsillitis in humans. (See Exhibits VII and VIII) 

(4) IN THE CASE OF A DRUG PRODUCT, AN IDENTIFICATION 
OF EACH ACTIVE INGREDIENT IN THE PRODUCT AND AS TO EACH 
ACTIVE INGREDIENT, A STATEMENT THAT IT HAS NOT BEEN 
PREVIOUSLY APPROVED FOR COMMERCIAL MARKETING OR USE 
UNDER THE FFDCA, THE PUBLIC HEALTH SERVICE ACT OR THE 
VIRUS-SERUM TOXIN ACT OR A STATEMENT OF WHEN THE ACTIVE 
INGREDIENT WAS APPROVED FOR COMMERCIAL MARKETING OR USE 
(EITHER ALONE OR IN COMBINATION WITH OTHER ACTIVE 
INGREDIENTS), THE USE FOR WHICH IT WAS APPROVED, AND THE 
PROVISION OF LAW UNDER WHICH IT WAS APPROVED. 


The active ingredient in the approved product, CEDAX® (ceftibuten 
capsules), has the generic name of ceftibuten and the chemical names 
listed in Paragraph No. (1) herein above as well as in Exhibits II and VIII. 
The active ingredient, ceftibuten, approved for marketing under Section 507 
of the FFDCA, has not previously been approved for commercial marketing 
or use under the FFDCA, The Public Health Service Act or the Virus-Serum 
Toxin Act. 
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(5) A STATEMENT THAT THE APPLICATION IS BEING 
SUBMITTED WITHIN THE SIXTY DAY PERIOD PERMITTED FOR 
SUBMISSION PURSUANT TO SEC. 1.720(f) AND AN IDENTIFICATION OF 
THE DATE OF THE LAST DAY ON WHICH THE APPLICATION COULD BE 
SUBMITTED: 


The product was approved on December 20, 1 995, and the last day 
within the sixty day period permitted for submission of an application for 
extension of the relevant U.S. Patent is February 18, 1996. February 18, 
1996 is a Sunday and submission of this application is considered timely 
filed if submitted on or before February 20, 1996. This application is being 
timely filed before the expiration of the February 20, 1 996 deadline, 
pursuant to 35 USC §21 (a) and (b) and 37 CFR §1.7 and 1.741(a). 

(6) A COMPLETE IDENTIFICATION OF THE PATENT FOR 
WHICH AN EXTENSION IS BEING SOUGHT BY THE NAME OF THE 
INVENTOR, THE PATENT NUMBER, THE DATE OF ISSUE AND THE DATE 
OF EXPIRATION: 

UNITED STATES PATENT NO. 4,634,697 
INVENTOR: YOSHIO HAMASHIMA 
DATE OF ISSUE: JANUARY 6, 1987 
FILING DATE: OCTOBER 1, 1984 
EXPIRATION DATE: OCTOBER 1, 2004 

(7) A COPY OF THE PATENT FOR WHICH AN EXTENSION IS 
BEING SOUGHT INCLUDING THE ENTIRE SPECIFICATION (INCLUDING 
CLAIMS), AND DRAWINGS: 

A copy of the patent is attached as Exhibit III. 
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(8) A COPY OF ANY DISCLAIMER, CERTIFICATE OF 
CORRECTION, RECEIPT OF MAINTENANCE FEE PAYMENT, OR RE- 
EXAMINATION CERTIFICATE ISSUED IN THE PATENT: 

No disclaimers or certificates of correction were filed for U.S. 
Patent No. 4,634,697. United States Patent No. 4,634,697, has not been re- 
examined and, as such, no re-examination certificate has been issued. 

A copy of the receipt of the first maintenance fee statement 
(mailing date July 17, 1990) is attached as Exhibit XA. A copy of the second 
maintenance fee statement (mailing date May 6, 1 994) paid on April 1 8, 
1994 by Shionogi and good through January 6, 1998 is attached hereto as 
Exhibit XB. 


(9) A STATEMENT THAT THE PATENT CLAIMS, THE 
APPROVED PRODUCT OR A METHOD OF USING OR MANUFACTURING 
THE APPROVED PRODUCT, AND A SHOWING WHICH LISTS EACH 
APPLICABLE PATENT CLAIM AND DEMONSTRATES THE MANNER IN 
WHICH EACH APPLICABLE PATENT CLAIM READS ON THE APPROVED 
PRODUCT OR A METHOD OF USING OR MANUFACTURING THE 
APPROVED PRODUCT: 

Claims 1-3, 17 and 18 of United States Patent No. 4,634,697 
read on CEDAX® (ceftibuten capsules) for the FDA approved indication for 
treatment of acute bacterial exacerbations of chronic bronchitis, acute 
bacterial otitis media, pharyngitis and tonsillitis. See the paragraphs in the 
Product Information Sheet entitled "Description" (upper left hand column 
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and "Dosage and Administration" (upper right hand column) and 
■Indications and Usage” (lower right hand column) (Exhibit VIII). 

Claim 1 of United States Patent No. 4,634,697 reads 

A compound of the formula 



CH^COOR* OOOR 6 


wherein 

R is 2-aminothiazol-4-yl the amino group of which is unprotected or 
protected with a protecting group, 

R 3 is (1) hydrogen, (2) a pharmacologically acceptable salt forming 
group, (3) phthalidyl, (4) phenacyl, (5) C 2 - 7 alkenyl, (6) 
diphenylmethyl, (7) trityl, (8) phenylalkyl of 7 to 15 carbon atoms 
said group being unsubstituted or substituted by alkyl of 1 to 4 
carbon atoms, alkoxy of 1 to 2 carbon atoms, nitro, amino or 
hydroxy or (9) a lower alkyl group, 

R 5 is hydrogen, methyl, vinyl, cyanovinyl, trifluoropropenyl, 
methoxymethyl, carbamoyloxymethyl, methylthiomethyl, 
cyanomethylthiomethyl, thiadiazolylthiomethyl, triazolylthiomethyl, 
aminomethylthiadiazolylthiomethyl, aminothiadiazolylthiomethyl, 
methoxy, fluoroethylthio, trifluoroethylthio, or halogen, and 
R6 is (1) hydrogen, (2) a pharmacologically acceptable salt forming 

atom or group, (3) a lower alkyl group, (4) a lower alkenyl group (5) 
phthalidyl, (6) phenacyl, (7) diphenylmethyl, (8) trityl or (9) 
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phenylalkyl of 7 to 15 carbon atoms said group being unsubstituted 
or substituted by alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 2 
carbon atoms, nitro, amino or hydroxy. 

The below-listed structural formula for ceftibuten dihydrate, the active 
ingredient in CEDAX® (Ceftibuten capsules) is set forth in paragraph 1 
(page 2) herein above and on page 1, of Exhibit VII.) See also Product 
Information Exhibit VIII upper left hand column. 



COiH 


Thus claim 1 covers ceftibuten and ceftibuten dihydrate wherein R 3 , 
R 5 and R 6 are each hydrogen and R is 2-aminothiazol-4-yl, the amino group 
of which is unprotected. 

Claim 2 reads: 

A compound according to claim 1 wherein 

R 3 is hydrogen or a pharmacologically acceptable salt forming group, 

R5 is hydrogen, methyl, vinyl, trifluoropropenyl, methoxymethyl, 
carbamoyloxymethyl, methylthiomethyl, cyanomethylthiomethyl, 
thiadiazolylthiomethyl, methoxy, fluoroethylthio, trifluoroethylthio, 
or halogen, and 

R 6 is hydrogen or a pharmacologically acceptable salt 
forming atom or group. 
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Thus, claim 2 covers ceftibuten and ceftibuten dihydrate wherein R 3 » R 5 and 
R6 are each hydrogen. 

Claim 3 reads: 

A compound according to claim 1, said compound 
being 7beta-[2-(2-aminothiazol-4-yl)-4-carboxy-2- 
butenoylamino]-3-cephem-4-carboxylic acid. 

Claim 3 specifically covers ceftibuten and ceftibuten dihydrate. See 
chemical names in paragraph 1 herein above, and specifically chemical 
name (3). 

Claim 17 reads: 

An antibacterial composition which comprises an 
antibacterial ly effective amount of a compound of claim 
1 and a pharmaceutically acceptable carrier therefor. 

Claim 17 covers ceftibuten and ceftibuten dihydrate for reasons stated in 
reference to claim 1 and in that the CEDAX® (Ceftibuten capsules) is a 
pharmaceutical composition approved by the FDA for treatment of acute 
bacterial exacerbations of chronic bronchitis, acute bacterial otitis media 
and pharyngitis and tonsillitis each of which are due to bacterial agents. 
See Product Information Sheet under paragraphs entitled "Dosage and 
Administration" and “Indications and Usage" (right hand column) of Exhibit 
VIII. 
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Claim 18 reads: 

A method for combating bacteria which comprises 
bringing an antibacterial ly effective amount of a 
compound of claim 1 into contact with the bacteria. 

Claim 18 covers ceftibuten and ceftibuten dihydrate for the reasons stated in 
reference to claims 1 and 17. 
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(10) A STATEMENT BEGINNING ON A NEW PAGE, OF THE 
RELEVANT DATES AND INFORMATION PURSUANT TO 35 U.S.C. §1 56(g) 
IN ORDER TO ENABLE THE SECRETARY OF HEALTH AND HUMAN 
SERVICES OR THE SECRETARY OF AGRICULTURE, AS APPROPRIATE, 
TO DETERMINE THE APPLICABLE REGULATORY REVIEW PERIOD AS 
FOLLOWS: 

(i) FOR A PATENT CLAIMING A NEW DRUG, ANTIBIOTIC, OR 
HUMAN BIOLOGICAL PRODUCT, THE EFFECTIVE DATE OF THE 
INVESTIGATIONAL NEW DRUG (IND) APPLICATION AND THE IND 
NUMBER; THE DATE ON WHICH A NEW DRUG APPLICATION (NDA) OR A 
PRODUCT LICENSE APPLICATION (PLA) WAS INITIALLY SUBMITTED 
AND THE NDA OR PLA NUMBER AND THE DATE ON WHICH THE NDA 
WAS APPROVED OR THE PRODUCT LICENSE ISSUED: 


Schering of Kenilworth, New Jersey is the authorized agent of 
Shionogi by virtue of the appointment of agent (Exhibit I) to Schering. 
Shionogi is the assignee of record of United States Patent No. 4,634,697 by 
virtue of the Assignment dated March 7, 1985 by Yoshio Hamashima of his 
interest in U.S. Patent No. 4,634,697 (Exhibit IX) recorded in the USPTO on 
March 12, 1985 at REEL: 4383, FRAMES: 0597 to 0598. 

In furtherance of the need for an approved NDA, Schering, on 
June 30, 1987 submitted to the FDA, a "Notice of Claimed Investigational 
Exemption for a New Drug" (IND) under §505 of the FFDCA for the purpose 
of conducting clinical studies to support the approval of a subsequent NDA 
for the use of CEDAX® (Ceftibuten capsules) in humans. The Schering 
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letter transmitting the IND to the FDA is attached as Exhibit IV. By a letter 
dated July 7, 1987, the FDA acknowledged receipt of the IND and assigned 
the IND No. 30,303. A copy of this FDA letter is attached as Exhibit V. This 
establishes the beginning of the "regulatory review period" under 35 U.S.C. 
§156(g)(1)(B)(i) as August 2, 1987, the effective date of an investigational 
exemption under §505 of the FFDCA. 

Schering submitted a New Drug Application (NDA) for CEDAX® 
(Ceftibuten capsules) in humans on December 20, 1991. A copy of this 
Schering letter transmitting the NDA is attached as Exhibit Via. By a letter 
dated January 7, 1 992, the FDA acknowledged receipt of the NDA 
submission dated December 20, 1991 and assigned the submission NDA 
No. 50-685. A copy of this FDA letter is attached as Exhibit Vlb. 

By a letter dated December 20, 1995 (copy attached as Exhibit VII) 
the FDA advised Schering that the NDA No. 50-685 for use of CEDAX® 
(Ceftibuten capsules) in humans for treatment of acute bacterial 
exacebations of chronic bronchitis, acute bacterial otitis media and 
pharyngitis and tonsillitis in humans was approved effective on December 
20, 1995. 

Thus, for purposes of determining the "testing phase" of the 
"regulatory review period" under 35 U.S.C. §156(g)(1)(B)(i), the "testing 
phase" began on August 2, 1987, the date of the IND No. 30,303 effective 
and ended on December 20, 1991, the date the NDA No. 50-685 was 
initially submitted by Schering for use of CEDAX® (Ceftibuten capsules) in 
humans under §505 of the FFDCA. And, for purposes of determining the 
"approval phase" of the "regulatory review period" under 35 U.S.C. 
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§156(g)(1)(B)(ii) the "approval phase" began on December 20, 1991, the 
date the NDA No. 50-685 was initially submitted by Schering to the FDA and 
ended on December 20, 1995, the date on which the NDA No. 50-685 was 
approved by the FDA. 
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(11) A BRIEF DESCRIPTION BEGINNING ON A NEW PAGE OF 
THE ACTIVITIES UNDERTAKEN BY SCHERING, THE MARKETING 
APPLICANT, DURING THE APPLICABLE REGULATORY REVIEW PERIOD 
WITH RESPECT TO THE APPROVED PRODUCT AND THE SIGNIFICANT 
DATES APPLICABLE TO SUCH ACTIVITIES: 

During the applicable regulatory review period, Schering was 
actively involved in obtaining FDA approval for the use of ceftibuten 
capsules for the treatment of acute bronchitis and acute exacerbations of 
chronic bronchitis and urinary tract infections in humans. As previously 
noted, Schering submitted an IND on June 30, 1987 and in close 
consultation with the FDA conducted clinical trials from August 2, 1987 
through December 20, 1991 under IND No. 30-303. Schering submitted on 
December 20, 1991 NDA No. 50-685 for the use of CEDAX® (Ceftibuten 
capsules) for the treatment of acute bronchitis and acute exacerbations of 
chronic bronchitis and urinary tract infections in humans. From December 
20, 1991 to December 20, 1995 Schering continued to interact with various 
FDA officials and answered numerous questions, generated requested data 
and supplied requested information regarding all clinical studies and data 
on the use of CEDAX® (Ceftibuten capsules) for the treatment of acute 
bronchitis and acute exacerbations of chronic bronchitis and urinary tract 
infections in humans worldwide to obtain health approval. A brief 
description of the significant activities undertaken by Schering with respect 
to the use of CEDAX® (Ceftibuten capsules) for the treatment of acute 
bronchitis and acute exacerbations of chronic bronchitis and urinary tract 
infections in humans during the regulatory review period is set forth in 
Exhibit XI (IND) and Exhibit XII (NDA) and is illustrative of the activities 
involved. 
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(12) A STATEMENT BEGINNING ON A NEW PARAGRAPH THAT 
IN THE OPINION OF THE APPLICANT THE PATENT IS ELIGIBLE FOR AN 
EXTENSION AND A STATEMENT AS TO THE LENGTH OF THE 
EXTENSION CLAIMED, INCLUDING HOW THE LENGTH OF EXTENSION 
WAS DETERMINED: 

(a) Statement of eligibility of the patent for extension under 35 
U.S.C. §1 56(a): 

Section 1 56(a) provides, in the relevant part, that the term of a 
patent which claims a product, a method of using a product, or a method of 
manufacturing a product shall be extended if (1) the term of the patent has 
not expired before an application for extension is submitted; (2) the term of 
the patent has never been extended under 35 U.S.C. §1 56(e)(1); (3) the 
application for extension is submitted by the owner of record of the patent or 
its agent in accordance with 35 U.S.C. §1 56(d); (4) the product has been 
subject to a regulatory review period before its commercial marketing or 
use; and (5) the permission for the commercial marketing or use of the 
product after such regulatory review period is the first permitted commercial 
marketing or use of the product using the provision of law under which such 
regulatory review period occurred. 

As described below by corresponding number, each of these 
elements is satisfied here: 

(1) Pursuant to 35 USC §1 54(c)(1), as amended (effective June 8, 
1995) by the Uruguay Round Agreements Act, Publ. 103-465, 108 Stat. 
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4809 (1994) and 35 U.S.C. §156, the term of United States Patent No. 
4,634,697 currently expires on October 1 , 2004. This application is, 
therefore, being submitted prior to the expiration of the term of United States 
Patent No. 4,634,697. 

(2) The term of this patent has never been extended under 35 
U.S.C §1 56(e)(1). 

(3) This application is being submitted by Schering Corporation, 
by virtue of the appointment of agent to Schering Corporation by Shionogi, 
the owner of record of this patent (Exhibit I). Shionogi is the owner of record 
by virtue of the Assignment by Yoshio Hamashima of his interest which was 
recorded in the USPTO on March 12, 1985 at Reel: 4383, Frames: 0597 to 
0598 (copy attached as Exhibit IX). This application is submitted in 
accordance with 35 U.S.C. §1 56(d) in that it is submitted within the sixty-day 
period beginning on December 20, 1 995, the date the product received 
permission for marketing under the FFDCA and ending on February 20, 
1996 and contains the information required under 35 U.S.C. §1 56(d). 

(4) As evidenced by the December 20, 1995 letter from the FDA 
(Exhibit VII), to Schering-Plough Corporation (of which Schering 
Corporation is a wholly owned subsidiary), the product was subject to a 
regulatory review period under §507 of the FFDCA before its commercial 
marketing or use. 

(5) Finally, the CEDAX® (Ceftibuten capsules) product was 
approved by the FDA for treatment of acute bacterial exacerbations of 
chronic bronchitis, acute bacterial otitis media and pharyngitis and tonsillitis. 
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The permission for the commercial marketing of CEDAX® (Ceftibuten 
capsules) after regulatory review under §507 of FFDCA, 21 U.S.C. §357, is 
the first permitted commercial marketing and use under §507 for humans of 
the active ingredient ceftibuten in CEDAX® (Ceftibuten capsules). This is 
confirmed by the absence of any approved new drug application for the 
active ingredient in humans prior to December 20, 1 995. 

(b) Statement as to length of extension claimed: 

The 20 year from filing term of United States Patent No. 4,634,697 
now expiring on October 1, 2004 should be extended by 1,826 days (5 
years). This extension was determined on the following basis. As set forth 
in 35 U.S.C. §1 56(g)(1), the regulatory review period equals the length of 
time between the effective date of the IND No. 30,303 of August 2, 1987 and 
the submission of the NDA on December 20, 1991 a period of 1,602 days, 
plus the length of time between the submission of the NDA on December 
20, 1991 to NDA approval on December 20, 1995, a period of 1,461 days. 
These two periods added together equal 3,063 days. 

Pursuant to the introduction of 35 U.S.C. §1 56(c), the term of the 
patent eligible for extension shall be extended only for that portion of the 
regulatory review period which occurs after the date the patent is issued. In 
this case, no limitation under the introduction to §1 56(c) applies in that the 
issue date of United States Patent No. 4,634,697 (January 6, 1987) is 
before the date on which the regulatory review period began. 
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Section 1 56(c)(2), requires the period calculated under 
§156(g)(1)(B)(i) to be reduced by one-half of the 1,602 day period; this 
reduction results in a value of 801 days. 

From the foregoing calculation, an extension of 2,262 days results, 
i.e., the period under 35 U.S.C. 156(g)(1')(B)(i) as limited by §1 56(c)(2) (801 
days) plus the period under 35 U.S.C. 156(g)(1)(B)(ii) (1,461 days). This 
extension period is subject to two further potential limitations under §156. 

First, under §1 56(g)(6)(A), a maximum extension of five years is 
permitted. Since the calculated extension (2,262 days) is more than five 
years (1 ,827 days), this limitation does apply (the patent issued on January 
6, 1987, which was after the enactment of §156 in 1984). 

Second, under §1 56(c)(3), if the period remaining in the term of the 
patent after the date of approval, that is, December 20, 1995, to October 1 , 
2004, when added to the extension period calculated above would exceed 
14 years, the period of extension would be limited so that the total does not 
exceed 14 years. In this case, however, the total of the remaining term 
(3,209 days) plus the five year extension (1,826 days) is 5,036 days and 
does not exceed the 14 year (5113 days) limit, and the extension is not 
reduced. 

Accordingly, United States Patent No. 4,634,697 is eligible for 5 year 
or a 1 ,826 day extension from October 1 , 2004 to October 1 , 2009. 

Schering's request for extension of term of 20 years from application 
filing date for United States Patent No. 4,634,697 is proper under the 
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October 16, 1995 Memorandum Opinion in Merck et al.. v. Kessler et al .. 
U.S. District Court for the Eastern District of Virginia, Consolidated Nos. 95- 
CV-1005 et al. Schering recognizes that the Commissioner of Patents and 
Trademarks, the Commissioner of Food and Drugs, and the Generic 
Pharmaceutical Industry Association ( a GPIA a ) have appealed to the United 
States Court of Appeals for the Federal Circuit to reverse the District Court's 
decision. Merck v. Kessler. Fed. Cir. Nos. 96-1108 et al. If the Federal 
Circuit adopts the position advanced in that case by the Commissioner of 
Patents and Trademarks and the Commissioner of Food and Drugs, then 
Schering requests an extension of the 1 7 year from issue term of United 
States Patent No. 4,634,697. In that event. United States Patent No. 
4,634,697 would be eligible for a five year (1827 day) extension from 
January 6, 2004 to January 6, 2009. 
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(13) A STATEMENT ON A NEW PAGE THAT APPLICANT 
ACKNOWLEDGES A DUTY TO DISCLOSE TO THE COMMISSIONER OF 
PATENTS AND TRADEMARKS AND THE SECRETARY OF HEALTH AND 
HUMAN SERVICES ANY INFORMATION WHICH IS MATERIAL TO THE 
DETERMINATION OF ENTITLEMENT TO THE EXTENSION SOUGHT. 

Scherlng acknowledges a duty to disclose to the Commissioner of 
Patents and Trademarks and the Secretary of Health and Human Services 
any information which is material to the determination of entitlement to the 
extension sought. 

As stated in Paragraph No. (9) herein above, Schering asserts that 
claims 1-3, 17 and 18 of United States Patent No. 4,634,697 embrace the 
approved product, the CEDAX® (ceftibuten capsules) and its use for the 
approved indication and usage of said approved product. 

The term of United States Patent No. 4,634,697 has never been 
extended. A copy of this patent is attached as Exhibit III. 


\ 
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(14) PRESCRIBED FEES: 

The Commissioner is authorized to charge our Deposit Account No. 
19-0365 in the amount of $1 ,060.00 or any other fee necessary for this 
application to prevent it from becoming inadvertently abandoned. 

(15) THE NAME, ADDRESS AND TELEPHONE NUMBER OF THE 
PERSON TO WHOM INQUIRIES AND CORRESPONDENCE RELATING TO 
THIS APPLICATION FOR PATENT TERM EXTENSION ARE TO BE 
DIRECTED TO: 


THOMAS D. HOFFMAN 
SCHERING-PLOUGH CORPORATION 
PATENT DEPARTMENT (K-6-1- 1990) 
2000 GALLOPING HILL ROAD 
KENILWORTH, NEW JERSEY 07033-0530 
TEL. NO. (908) 298-5037 
FACSIMILE NO. (908) 298-5388 
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(1 6) CERTIFICATION THAT THE ENCLOSED DUPLICATE COPY 
OF THIS APPLICATION IS A TRUE COPY OF THE ORIGINAL: 

I, Thomas D. Hoffman, Registration No. 28,221, as duly appointed 
attorney (by virtue of the following Power of Attorney duly executed by 
James R. Nelson, Vice President for Schering Corporation) for Applicant, 
Schering Corporation, authorized agent (by virtue of the Appointment of 
Agent, see Exhibit I) for the owner of record of United States Patent No. 
4,812,561 (by virtue of the aforesaid Assignment, see Exhibit (IX) which has 
applied for an extension of term of this patent, declare that duplicate copy of 
this application transmitted herewith is a true copy of the original 
application. 

I hereby acknowledge that all statements made herein of my own 
knowledge are true and that all statements made on information or belief 
are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false statements may 
jeopardize the validity of this application and any extension of United States 
Patent No. 4,812,561. 

Data; O' 2 -' — 

Thomas D. Hoffman^ 
Attorney for Authorized Agent 
Registration No. 28221 
Tel. No. (908) 298-5037 
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DECLARATION AND POWER OF ATTORNEY 
BY AUTHORIZED AGENT 

As the below identified official of Schering Corporation, the 
authorized agent for the owner of record of United States Patent No. 

4.634.697, which has applied for an extension of term of this patent, I 
declare (1) that I have been authorized to practice before the United States 
Patent and Trademark Office; and (2) that I have general authority from 
Schering Corporation, the authorized agent of the owner of record, to act on 
behalf of the owner of record in patent matters. 

I hereby acknowledge that all statements made herein of my own 
knowledge are true and that all statements made on information or belief 
are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false statements may 
jeopardize the validity of this application and United States Patent No. 

4.634.697. 
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POWER OF ATTORNEY: I hereby appoint as United States attorneys 
and with full powers of substitution and revocation, to prosecute this 
application and transact all business in the Patent and Trademark Office 
connected therewith: Thomas D. Hoffman, Reg. No. 28,221 ; John J. 

Maitner, Reg. No. 25,636; Norman C. Dulak, Reg. No. 31,608; Edward H. 
Mazer, Reg. No. 27,573; Eric S. Dicker, Reg. No. 31,699, and Richard J. 
Grochala, Reg. No. 31,518. 


Send correspondence to: Thomas D. Hoffman 

Schering-Plough Corporation 
Patent Dept., K-6-1-1990 
2000 Galloping Hill Road 
Kenilworth, NJ 07033-0530 
Tel. No. (908) 298-5037 

Date: Mi 


Schering Corporation 
Reg. No. 27,929 
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(17) DECLARATION FOR EXTENSION OF UNITED 
STATES PATENT NO. 4.634.697 


I, THOMAS D. HOFFMAN, Registration No. 28,221, as duly appointed 
attorney (by virtue of the Power of Attorney duly executed by James R. 
Nelson, Vice President for Schering Corporation) for Applicant, Schering 
Corporation, the authorized agent for Shionogi (virtue of the Appointment of 
Agent, See Exhibit I), the owner of record of United States Patent No. 
4,634,697 (by virtue of the aforesaid Assignment, see Exhibit IX) which has 
applied for an extension of term of this patent, declare(l) that I have 
reviewed and understand the contents of the attached application for 
extension of United States Patent No. 4,634,697; (2) that I believe that the 
patent is subject to extension under 35 U.S.C. §156 and 37 C.F.R. §1.710; 
(3) that I believe that the length of extension claimed for the 20 year from 
filing date term specified in paragraph 12(A) is fully justified pursuant to 35 
USC §1 54(c)(1), as amended (effective June 8, 1995) by the Uruguay 
Round Agreements Act, Publ. 103-465, 108 Stat. 4809 (1994) and 35 
U.S.C. §156 and the applicable regulations; and (4) that I believe that the 
patent for which an extension is being sought meets the conditions for 
extension of the term of a patent as set forth in 35 U.S.C.§ 156 and 37 C.F.R. 
§ 1.720. 
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I hereby acknowledge that all statements made herein of my own 
knowledge are true and that all statements made on information or belief 
are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false statements may 
jeopardize the validity of this application and any extension of United States 
Patent No. 4,634,697. 

Date: 

Thomas D. Hoffman''""' 

Attorney for Authorized Agent of Record 
Reg. No. 28,221 
Tel. No. (908) 298-5068 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In re: United States Patent 
No. 4,634,697 


•x 

: Attn: Box Patent Ext. 


Inventor: Yoshio Hamashima 


Issue Date: January 6, 1987 


x 


r£G0V6D 
v 2 1W6 




Honorable Commissioner of Patents 
and Trademarks 
Washington, D.C. 20231 

LETTER OF TRANSMITTAL OF APPLICATION FOR 
EXTENSION OF PATENT TERM 


Sir: 

Transmitted herewith for filing is an application for extension of 
term of U.S. Patent No. 4,634,697 and a duplicate of the papers thereof, 
certified as such. 

Also submitted herewith is an additional original declaration 
for extension of U.S. Patent No. 4,634,697. Therefore, the present 
application is complete and entitled to a filing date of °2 J f z ) ^ . 

Applicant, Schering Corporation (“Schering") states that 
Schering is the authorized agent for Shionogi and Co., Ltd., ("Shionogi") 
owner of U.S. Patent No. 4,634,697, (see Exhibit I); that Schering is the 
holder of the regulatory approval granted with respect to the regulatory 
review period for-CEDAX® (ceftibuten capsules) as evidenced by: (1) 
submission on June 30, 1987 by Schering of IND No. 30,303 to the Food 


and Drug Administration ("FDA") for the purpose of conducting clinical 
studies for the use of Ceftibuten (Sch 39720 oral) oral in humans (see 
Exhibit IV); (2) the submission on December 20, 1991 by Schering of NDA 
No. 50-685 for CEDAX® (ceftibuten capsules) (see Exhibit Via); and (3) the 
FDA letter dated December 20, 1995 approving NDA No. 50-685 for 
CEDAX® (ceftibuten capsules) for the treatment of acute bacterial 
exacerbations of chronic bronchitis and acute bacterial otitis media and 
pharyngitis and tonsillitis in humans (see Exhibit VII). 

The Commissioner is hereby authorized to charge payment in the 
amount of $1 ,060.00 and of any additional fees associated with this 
communication or credit any overpayment to Deposit Account No. 19-0365. 
A duplicate copy of this sheet is enclosed. 

Respectfully submitted, 

Thomas D. Hoffman 
Registration No. 28221 
Attorney for Assignee of Record 
Telephone No. (908) 298-5037 


SCHERING-PLOUGH CORPORATION 
Patent Department K-6-1-1990 
2000 Galloping Hill Road 
Kenilworth, New Jersey 07033-0530 
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Now, therefore, as the below-identified official of Shionogi I state that (1) I have 
been authorized to obligate Shionogi to sign this Appointment of Agent and (2) I • 
hereby appoint Schering, its subsidiaries and/or its designees as agents of Shionogi 
for the express purpose of submitting and handling all matters and correspondence in 
the U.S. Patent and Trademark Office attendant to the application for extension of the 
term of U.S. Patent 4,634,697 covering CEDAX Capsules pursuant to 35 USC §156. 
This appointment shall be co-extensive with the term of the aforesaid agreement 
between Shionogi and Schering. 

Shionogi & Co., Ltd. 


Date: 


January 18, 1996 
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